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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
easily manufacturing an optical waveguide with good 
accuracy and with sufficient mass-productivity by using 
an electrodeposition process or an optical 
electrodeposition process by which a fine pattern having 
excellent resolution can be easily formed and little 
harmful waste liquid is produced, and its manufacturing 
apparatus. 

SOLUTION: This optical waveguide forming method 
contains a process for carrying out deposition formation 
of a material on a semiconductor thin film or an 
electrically conductive thin film by irradiating an optical 
semiconductor thin film with a light and applying voltage 
between the optical semiconductor thin film and a 
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counter electrode, or applying voltage between an electrically conductive thin film and the 
counter electrode, in a state where the optical waveguide manufacturing substrate with the 
electrically conductive thin film and the optical semiconductor thin film, or the electrically 
conductive thin film stacked on the insulating substrate is placed to an electrodeposition liquid 
of the water system including a film formation material in which solubility or diffusivity to the 
aqueous liquid is lowered by the change of pH so that the optical semiconductor thin film or 
the electrically conductive thin film may be brought into contact with the electrodeposition 
liquid, or the process which further transfers the deposited material to other substrates. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]The optical waveguide production boards which laminated a conductive thin film and 
an optical semiconductor thin film on an insulating substrate at this order, To electrodeposition 
fluid of a drainage system to include, film formation material in which solubility thru/or 
dispersibility over an aqueous liquid falls when pH changes in the state of said optical 
waveguide production boards where it has arranged so that said optical semiconductor thin 
film may contact electrodeposition fluid at least. An optical waveguide formation method which 
impresses voltage between an optical semiconductor thin film and a counterelectrode of the 
selected area, and includes a process of carrying out deposit formation of said material, by 
irradiating the selected area of said optical semiconductor thin film in the selected area of said 
semiconductor membrane. 

[Claim 2]A film deposition board which laminated a conductive thin film, an optical 
semiconductor thin film, and stratum disjunctum on an insulating substrate at this order, To 
electrodeposition fluid of a drainage system to include, film formation material in which 
solubility thru/or dispersibility over an aqueous liquid falls when pH changes in the state of said 
film deposition board where it has arranged so that an optical semiconductor thin film may 
contact electrodeposition fluid at least. An optical waveguide formation method which 
impresses voltage between an optical semiconductor thin film and a counterelectrode of the 
selected area, and includes a process of carrying out deposit formation of said material in the 
selected area of said semiconductor membrane, and a process of transferring material in 
which the above deposited on a substrate for optical waveguides, by irradiating the selected 
area of an optical semiconductor thin film. 

[Claim 3]The optical waveguide formation method according to claim 1 or 2 characterized by 
forming a core layer using electrodeposition fluid for core layers without drying a formed 
cladding layer after forming a cladding layer using electrodeposition fluid for cladding layers. 
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[Claim 4]The optical waveguide formation method according to any one of claims 1 to 3 
characterized by forming a cladding layer further on a core layer using electrodeposition fluid 
for cladding layers without drying a cladding layer and a core layer which were formed. 
[Claim 5]By impressing voltage exceeding a Schottky barrier which an optical semiconductor 
thin film of optical waveguide production boards or a film deposition board has in formation of a 
cladding layer, without carrying out an optical exposure, The optical waveguide formation 
method according to any one of claims 1 to 4 carrying out electrodeposition formation of the 
cladding layer to the whole surface. 

[Claim 6]The optical waveguide formation method according to any one of claims 1 to 5, 
wherein optical waveguide production boards or a film deposition board forms an optical 
semiconductor thin film on a conductive substrate. 

[Claim 7]The optical waveguide formation method according to any one of claims 1 to 6 with 
which a conductive material is chosen from iron and its compound, nickel and its compound, 
zinc and its compound, copper and its compound, titanium, its compound, and these mixed 
materials and which is a kind at least. 

[Claim 8]The optical waveguide production boards which provided a conductive thin film or a 
conductive thin film of pattern state on an insulating substrate, To electrodeposition fluid of a 
drainage system to include, film formation material in which solubility thru/or dispersibility over 
an aqueous liquid falls when pH changes in the state of said optical waveguide production 
boards where it has arranged so that said conductive thin film may contact electrodeposition 
fluid at least. An optical waveguide formation method including a process of impressing voltage 
between said conductive thin film and a counterelectrode, and carrying out deposit formation of 
said film formation material on said conductive thin film. 

[Claim 9]A film deposition board which laminated a conductive thin film or a conductive thin film 
of pattern state, and stratum disjunctum on an insulating substrate at this order, To 
electrodeposition fluid of a drainage system to include, film formation material in which 
solubility thru/or dispersibility over an aqueous liquid falls when pH changes in the state of said 
film deposition board where it has arranged so that said conductive thin film may contact 
electrodeposition fluid at least. An optical waveguide formation method which impresses 
voltage between said conductive thin film and a counterelectrode, and includes a process of 
carrying out deposit formation of said film formation material on said conductive thin film, and a 
process of transferring the aforementioned depositing film formation material on a substrate for 
optical waveguides. 

[Claim 10]The optical waveguide formation method according to any one of claims 1 to 9, 
wherein film formation material in which solubility thru/or dispersibility over an aqueous liquid 
falls when said pH changes is a polymer material. 

[Claim 11]The optical waveguide formation method according to any one of claims 1 to 10 with 
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which said electrodeposition fluid for cladding layers is characterized by said electrodeposition 
fluid for core layers containing particles whose refractive index is higher than this polymer 
material and this polymer material including said polymer material. 

[Claim 12]The optical waveguide formation method according to any one of claims 1 to 10 with 
which said electrodeposition fluid for core layers is characterized by said electrodeposition fluid 
for cladding layers containing particles whose refractive index is lower than this polymer 
material and this polymer material including said polymer material. 

[Claim 13]Said electrodeposition fluid for cladding layers contains particles whose refractive 
index is lower than said polymer material and said polymer material, And the optical 
waveguide formation method according to any one of claims 1 to 10, wherein said 
electrodeposition fluid for core layers contains particles whose refractive index is higher than 
this polymer material and this polymer material. 

[Claim 14]The optical waveguide formation method according to any one of claims 1 to 13 
whose electrodeposited voltage said optical waveguide production boards are used as an 
anode electrode, and is less than 5V. 

[Claim 15]The optical waveguide formation method according to any one of claims 1 to 14 
which said film formation material is a polymer material, and is characterized by performing a 
process of heat-treating an optical waveguide at least after forming all the optical waveguides. 
[Claim 16]lt is electrodeposition fluid containing film formation material in which solubility 
thru/or dispersibility over an aqueous liquid falls when pH changes, Electrodeposition fluid for 
using for the optical waveguide formation method according to any one of claims 1 to 15, 
wherein said film formation material is a polymer material which has a hydrophobic radical and 
a hydrophilic radical and has the number of hydrophobic groups in 30 to 80% of range of a 
total of a hydrophilic group and a hydrophobic group. 

[Claim 17]The electrodeposition fluid according to claim 16 containing particles for refractive- 
index regulation. 

[Claim 18]An image formation optical system which has a light source for irradiating with light, 
and the first image formation optical lens and the second image formation optical lens, A photo 
mask inserted between the first image formation optical lens and the second image formation 
optical lens, So that an optical semiconductor thin film may contact electrodeposition fluid, 
even if it is the optical waveguide manufacturing installation provided with a counterelectrode, 
a means by which bias voltage can be impressed, and an electrodeposited tub that stored 
electrodeposition fluid, and there are few said substrates for optical waveguide production or 
film deposition boards, An optical waveguide manufacturing installation for producing an 
optical waveguide by claim 1 thru/or claim 7 arranging to an electrodeposited tub, and a 
method according to any one of claims 10 to 15. 

[Claim 19]So that a conductive thin film may contact electrodeposition fluid, even if it is the 
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optical waveguide manufacturing installation provided with a counterelectrode, a means by 
which bias voltage can be impressed, and an electrodeposited tub that stored 
electrodeposition fluid, and there are few said substrates for optical waveguide production or 
film deposition boards, An optical waveguide manufacturing installation for producing an 
optical waveguide by claim 8 or claim 9 arranging to an electrodeposited tub, and a method 
according to any one of claims 10 to 15. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the optical waveguide formation method which 
used the polymer material. 

It can use for various optical waveguides which are general optics and the microoptics field 
and are used in the field of optical communications or optical information processing, an optical 
integrated circuit, or an optical wiring board. 

[0002] 

[Description of the Prior Art]As for the optical waveguide, inorganic materials, such as quartz, 
glass, and an oxide ferroelectric, a polymer material, etc. are used. The polymer material is 
suitable for producing an optical waveguide with easy thin film forming by spin coat method, a 
dip method, etc., and a large area as compared with an inorganic material in these. Since the 
heat treatment process in an elevated temperature is not included on the occasion of film 
formation according to this method, compared with inorganic glass materials, such as quartz, a 
polymer material has the advantage that heat treatments in an elevated temperature, such as 
a semiconductor substrate and a plastic plate, can produce an optical waveguide even on a 
difficult substrate. Production of the flexible optical waveguide which harnessed the pliability 
and the toughness of the polymer material is also possible, manufacturing in large quantities 
and cheaply optical waveguide parts, such as an optical integrated circuit used in the field of 
optical communications and an optical wiring board used in the field of optical information 
processing, from such a thing using the polymer material for optics is expected. Although the 
polymer material for optics has a problem in respect of resistance tos environment, such as 
heat resistance and moisture resistance, the improvement is progressing in recent years. The 
method using photosensitive polymers or resist is dramatically simple, and excellent also in 
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mass production nature. 

[0003] However, since the solid polymer material was conventionally used at the room 
temperature as a photosensitive material, When the thick film was used, dispersion in an 
ultraviolet region or a visible region increased, the light transmission characteristic 
deteriorated, the reliability of the pattern especially in a thick film was low, and since the 
resolution at the time of hardening worsened, it had had an adverse effect also on the loss of 
the produced optical waveguide. Since it was not considered in reduction of the absorption 
loss of material, etc. about transparency, it had the fault that a waveguide loss was also high. 
For this reason, the optical component produced using such a photosensitive material was 
insufficient from the field of practicality. How to patternize at a room temperature, using solid 
not a polymer material but liquefied photo-setting resin as a means to solve this was able to be 
considered. However, since this material was liquid, after applying resin, coating film thickness 
was not able to change, and it was not able to produce an optical waveguide with sufficient 
controllability with sufficient reproducibility. Furthermore the method using a photosensitive 
material took time and effort, such as an etching process, and there was a difficulty that it is 
generated in large quantities by harmful alkali waste, and also a man day increases. 
[0004]On the other hand, although the image formation method which was excellent in 
resolution when this invention persons did electrodeposition or photoelectrical arrival by low 
voltage application using the electrodeposition material which contains a coloring matter 
previously, and the manufacturing method of the light filter were provided, These are indicated 
in detail by JP.10-1 19414,A, JP,1 1-189899,A, JP,1 1-1541 8 f A, JP.1 1-174790A JP,1 1- 
133224,A, JP,1 1-335894A etc. Although these image formation methods and the 
manufacturing method of a light filter make it the feature to form a coloring layer with sufficient 
resolution by a simple method, they are mainly art applied in the field of displays, such as a 
liquid crystal display. On the other hand, an optical waveguide is the art in fields, such as 
optical communications. 

Differ from the field of a display and also as mentioned above an optical waveguide, The actual 
condition is that the trial which it is produced by carrying out micro processing of dielectric 
materials or the photosensitive material through the complicated process that the 
photolithographic method is included, and is going to produce an optical waveguide with the 
electrodeposition process which does not use complicated processes, such as the 
photolithographic method, is not made. 

[0005] 

[Problem(s) to be Solved by the lnvention]This invention is made in view of such the actual 
condition, and the purpose, Minute pattern formation excellent in resolution can be performed 
simply, and it is in providing the method of producing an accurate optical waveguide with 
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sufficient mass production nature simple again, and its device by using an electrodeposition 

process or a photoelectrical arrival method with little harmful waste fluid. 

[0006] 

[Means for Solving the Problem]Said technical problem is solved by providing 
electrodeposition fluid and an optical waveguide manufacturing installation the following optical 
waveguide formation method and for it. 

(1) The optical waveguide production boards which laminated a conductive thin film and an 
optical semiconductor thin film on an insulating substrate at this order, To electrodeposition 
fluid of a drainage system to include, film formation material in which solubility thru/or 
dispersibility over an aqueous liquid falls when pH changes in the state of said optical 
waveguide production boards where it has arranged so that said optical semiconductor thin 
film may contact electrodeposition fluid at least. An optical waveguide formation method which 
impresses voltage between an optical semiconductor thin film and a counterelectrode of the 
selected area, and includes a process of carrying out deposit formation of said material, by 
irradiating the selected area of said optical semiconductor thin film in the selected area of said 
semiconductor membrane. 

(2) A film deposition board which laminated a conductive thin film, an optical semiconductor 
thin film, and stratum disjunctum on an insulating substrate at this order, To electrodeposition 
fluid of a drainage system to include, film formation material in which solubility thru/or 
dispersibility over an aqueous liquid falls when pH changes in the state of said film deposition 
board where it has arranged so that an optical semiconductor thin film may contact 
electrodeposition fluid at least. An optical waveguide formation method which impresses 
voltage between an optical semiconductor thin film and a counterelectrode of the selected 
area, and includes a process of carrying out deposit formation of said material in the selected 
area of said semiconductor membrane, and a process of transferring material in which the 
above deposited on a substrate for optical waveguides, by irradiating the selected area of an 
optical semiconductor thin film. 

[0007](3) The above (1) characterized by forming a core layer using electrodeposition fluid for 
core layers without drying a formed cladding layer after forming a cladding layer using 
electrodeposition fluid for cladding layers, or an optical waveguide formation method given in 
(2). 

(4) The above (1) characterized by forming a cladding layer further on a core layer using 
electrodeposition fluid for cladding layers without drying a cladding layer and a core layer 
which were formed thru/or an optical waveguide formation method given in any 1 of (3). 

(5) By impressing voltage exceeding a Schottky barrier which an optical semiconductor thin 
film of optical waveguide production boards or a film deposition board has in formation of a 
cladding layer, without carrying out an optical exposure, The above (1) carrying out 

http://ww4.ipdl.i^ 9/4/2008 



JP,2002-333538,A [DETAILED DESCRIPTION] 



Page 4 of 28 



electrodeposition formation of the cladding layer to the whole surface thru/or an optical 
waveguide formation method given in any 1 of (4). 

[0008](6) The above (1) for which optical waveguide production boards or a film deposition 
board is characterized by forming an optical semiconductor thin film on a conductive substrate 
thru/or an optical waveguide formation method given in any 1 of (5). 
(7) The above (1) in which a conductive material is chosen from iron and its compound, nickel 
and its compound, zinc and its compound, copper and its compound, titanium, its compound, 
and these mixed materials and which is a kind at least thru/or an optical waveguide formation 
method given in any 1 of (6). 

[0009](8) The optical waveguide production boards which provided a conductive thin film or a 
conductive thin film of pattern state on an insulating substrate, To electrodeposition fluid of a 
drainage system to include, film formation material in which solubility thru/or dispersibility over 
an aqueous liquid falls when pH changes in the state of said optical waveguide production 
boards where it has arranged so that said conductive thin film may contact electrodeposition 
fluid at least. An optical waveguide formation method including a process of impressing voltage 
between said conductive thin film and a counterelectrode, and carrying out deposit formation of 
said film formation material on said conductive thin film. 

(9) A film deposition board which laminated a conductive thin film or a conductive thin film of 
pattern state, and stratum disjunctum on an insulating substrate at this order, To 
electrodeposition fluid of a drainage system to include, film formation material in which 
solubility thru/or dispersibility over an aqueous liquid falls when pH changes in the state of said 
film deposition board where it has arranged so that said conductive thin film may contact 
electrodeposition fluid at least. An optical waveguide formation method which impresses 
voltage between said conductive thin film and a counterelectrode, and includes a process of 
carrying out deposit formation of said film formation material on said conductive thin film, and a 
process of transferring the aforementioned depositing film formation material on a substrate for 
optical waveguides. 

[0010](10) The above (1), wherein film formation material in which solubility thru/or 
dispersibility over an aqueous liquid falls when said pH changes is a polymer material thru/or 
an optical waveguide formation method given in any 1 of (9). 

(11) The above (1) for which said electrodeposition fluid for cladding layers is characterized by 
said electrodeposition fluid for core layers containing particles whose refractive index is higher 
than this polymer material and this polymer material including said polymer material thru/or an 
optical waveguide formation method given in any 1 of (10). 

(12) The above (1) for which said electrodeposition fluid for core layers is characterized by said 
electrodeposition fluid for cladding layers containing particles whose refractive index is lower 
than this polymer material and this polymer material including said polymer material thru/or an 
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optical waveguide formation method given in any 1 of (10). 

[0011](13) Said electrodeposition fluid for cladding layers contains particles whose refractive 
index is lower than said polymer material and said polymer material, And the above (1), 
wherein said electrodeposition fluid for core layers contains particles whose refractive index is 
higher than this polymer material and this polymer material thru/or an optical waveguide 
formation method given in any 1 of (10). 

(14) The above (1) whose electrodeposited voltage said optical waveguide production boards 
are used as an anode electrode, and is less than 5V thru/or an optical waveguide formation 
method given in any 1 of (13). 

(15) The above (1) which said film formation material is a polymer material, and is 
characterized by performing a process of heat-treating an optical waveguide at least after 
forming all the optical waveguides thru/or an optical waveguide formation method given in any 
1 of (14). 

[0012](16) It is electrodeposition fluid containing film formation material in which solubility 
thru/or dispersibility over an aqueous liquid falls when pH changes, Electrodeposition fluid for 
using for an optical waveguide formation method the above (1), wherein said film formation 
material is a polymer material which has a hydrophobic radical and a hydrophilic radical and 
has the number of hydrophobic groups in 30 to 80% of range of a total of a hydrophilic group 
and a hydrophobic group thru/or given in any 1 of (15). 

(17) Electrodeposition fluid given in the above (16) further characterized by including particles 
for refractive-index regulation. 

[0013](18) An image formation optical system which has a light source for irradiating with light, 
and the first image formation optical lens and the second image formation optical lens, A photo 
mask inserted between the first image formation optical lens and the second image formation 
optical lens, So that an optical semiconductor thin film may contact electrodeposition fluid, 
even if it is the optical waveguide manufacturing installation provided with a counterelectrode, 
a means by which bias voltage can be impressed, and an electrodeposited tub that stored 
electrodeposition fluid, and there are few said substrates for optical waveguide production or 
film deposition boards, An optical waveguide manufacturing installation for producing an 
optical waveguide by a method of a statement to any 1 of the above (1 ) thru/or (7), (1 0) to the 
(15) arranging to an electrodeposited tub. 

(19) it is the optical waveguide manufacturing installation provided with a counterelectrode, a 
means by which bias voltage can be impressed, and an electrodeposited tub that stored 
electrodeposition fluid - said substrate for optical waveguide production, or a film deposition 
board - so that a conductive thin film may contact electrodeposition fluid at least, An optical 
waveguide manufacturing installation for producing an optical waveguide by a method of a 
statement to any 1 of the above (8) or (9), (10) to the (15) arranging to an electrodeposited tub. 
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[0014] 

[Embodiment of the InventionJThis invention an optical waveguide Said JP,10-119414,A, 
JP,11-189899,A, It forms in JP,1 1-15418 A JP,1 1-174790 A JP,1 1-133224 A JP.11- 
335894 ,A, etc. using the electrodeposition process or photoelectrical arrival method of a 
statement. 

[0015]Fundamentally [ this electrodeposition process ] to what provided the conductive thin film 
of pattern state on the insulating substrate. In the state where it has arranged to the 
electrodeposition fluid of the drainage system containing the film formation material in which 
the solubility thru/or dispersibility over an aqueous liquid falls when pH changes so that said 
conductor thin film may contact electrodeposition fluid at least. It is the method of impressing 
voltage between said conductive thin film and a counterelectrode, and depositing said material 
on said conductive thin film. A photoelectrical arrival method is a thing using the 
photoelectromotive force produced in an optical semiconductor thin film, What laminated the 
conductive thin film and the optical semiconductor thin film on the insulating substrate at this 
order, In the state where it has arranged to the electrodeposition fluid of the drainage system 
containing the film formation material in which the solubility thru/or dispersibility over an 
aqueous liquid falls when pH changes so that said optical semiconductor thin film may contact 
electrodeposition fluid at least. It is the method of impressing voltage between the optical 
semiconductor thin film and counterelectrode of the selected area, and depositing said material 
in the selected area of said semiconductor membrane, by irradiating the selected area of said 
optical semiconductor thin film. 

[0016]The optical waveguide which has a detailed pattern can be formed with sufficient 
accuracy, without impressing high tension by using these electrodeposition processes and a 
photoelectrical arrival method (less than 5V). Although thickness needed to be controlled with 
sufficient accuracy to the substrate, and needed to be applied to it and there were problems, 
such as taking out alkali waste by etching, in the method of producing an optical waveguide 
using the conventional photopolymer, According to this invention, by adjusting optical 
irradiation time or voltage applying time, the thickness of a core layer and a cladding layer can 
control easily, and the etching process for pattern formation is also unnecessary, and the load 
to environment is also small. 

[0017]Although the trial which produces the substrate consolidated with an electronic circuit 
and an optical circuit is made now, Although there is a possibility of feeling for the conventional 
method a pain [ circuit / which or / which was formed previously ] by etching at the time of 
patterning of the circuit formed in the next, since there is no etching process, such a problem is 
also avoided by the formation method of the optical waveguide by the photoelectrical arrival 
method of this invention. Thus, since production of the optical waveguide of this invention is a 
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simple method, it can fertilize and can apply in favor of manufacture of the optical waveguide 
type parts as which mass production nature is required. In addition, it is possible to apply to 
various optical waveguides used in general optics, the microoptics field, and the field of optical 
communications or optical information processing, an optical integrated circuit, or an optical 
wiring board. 

[0018]How to use a photoelectrical arrival method and produce an optical waveguide first, is 
explained. On an insulating substrate, the optical waveguide production boards used by this 
method are a conductive thin film and an optical semiconductor thin film what was laminated in 
this order, and as an insulating substrate, A titanium oxide thin film etc. which a glass plate, a 
quartz plate, a plastic film, an epoxy group board, etc. describe below as an optical 
semiconductor thin film as a conductive thin film again in ITO, indium oxide, nickel, aluminum, 
etc. are used. To carry out an optical exposure through an insulating substrate at an optical 
semiconductor thin film, an insulating substrate and a conductive thin film need to be a light 
transmittance state. However, it is not this limitation when carrying out an optical exposure 
through electrodeposition fluid. With the electrodeposition process described below, since 
electrodeposition fluid is common, it is mentioned later collectively. 
[0019]ln the "selected area's" putting not only the partial region of optical waveguide 
production boards but a whole surface field in this invention, for example, forming a cladding 
layer in the whole surface to said substrate, it means carrying out an optical exposure on the 
whole surface. A core layer and/or a cladding layer are producible by the method of this 
invention. A core layer can be formed using the electrodeposition fluid for core formation, 
without drying the formed cladding layer, after forming a cladding layer using the 
electrodeposition fluid for clad formation in forming a cladding layer and a core layer in piles in 
this invention. Also when reverse, a certain thing is natural. A cladding layer can be further 
formed on a core layer using the electrodeposition fluid for clad formation, without drying the 
cladding layer and core layer which were formed as mentioned above, in using the layered 
product of a cladding layer-core layer-cladding layer. Since a cladding layer or a core layer is 
insulation when moisture is removed and it dries after photoelectrical arrival, Although a core 
layer or a cladding layer cannot be piled up by a photoelectrical arrival method on it, it 
becomes possible to maintain the conductivity of an electrodeposited film by things making it 
be the above, and other layers can be laminated on a core layer or a cladding layer. 
[0020]ln order to be a case where a cladding layer and a core layer are laminated and 
produced by the method of this invention and to form a cladding layer in the whole surface, 
Using the electrodeposition fluid for clad formation first, by carrying out an optical exposure in 
the selected area (whole surface) of said optical waveguide production boards or a film 
deposition board, A core layer can be formed in the selected area (core formation area) by 
carrying out an optical exposure using the electrodeposition fluid for core formation, without 
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drying the formed cladding layer, after forming a cladding layer. A cladding layer can also be 
further formed on a core layer by carrying out an optical exposure on the whole surface using 
the electrodeposition fluid for clad formation, without drying the cladding layer and core layer 
which were carried out in this way and formed (lower clad layer-core layer-upper clad layer). It 
is also possible to carry out electrodeposition formation of the cladding layer by impressing the 
voltage exceeding the Schottky barrier which the optical semiconductor thin film of optical 
waveguide production boards has, without carrying out an optical exposure, when forming the 
aforementioned cladding layer. By this method, an exposure process can be skipped and it 
becomes a simpler method. Here, the optical waveguide forming method of this invention is 
explained using figures. Drawing 1 (A) thru/or drawing 1 (D) show the formation process of the 
optical waveguide which forms a cladding layer all over a substrate. Drawing 1 (A) shows an 
example of optical waveguide production boards, 10 shows an insulating substrate, 12 shows 
a conductive film, and 14 shows an optical semiconductor thin film, respectively. Drawing 1 (B) 
is a figure showing the state where the cladding layer 16 (non-dryness) was formed by 
impressing the voltage exceeding the Schottky barrier which said optical semiconductor thin 
film has, without using the electrodeposition fluid for cladding layers on an optical 
semiconductor thin film, and carrying out a whole surface light exposure, or carrying out an 
optical exposure. Drawing 1 (C) shows the state where the core layer 18 was formed in the 
selected area, by using the electrodeposition fluid for core layers on the cladding layer in non- 
dryness, and carrying out an optical exposure in the selected area. The electrodeposition fluid 
for cladding layers is used for drawing 1 (D) on the core layer 18 of non-dryness, It is a figure 
showing the state where the cladding layer 20 (non-dryness) was formed by impressing the 
voltage exceeding the Schottky barrier which said optical semiconductor thin film has, without 
carrying out a whole surface light exposure, or carrying out an optical exposure. Then, each 
class is dried and it is considered as an optical waveguide. 

[0021]Next, a cladding layer is explained using figures about the example of production of the 
optical waveguide which is not formed in the whole surface to optical waveguide production 
boards. Drawing 2 (A) thru/or drawing 2 (E) show the example of production of an optical 
waveguide in case the cladding layer is not provided in the whole surface to the substrate. 
Drawing 2 (A) shows the same optical waveguide production boards as drawing 1 (A). Drawing 
2_(B) is a figure showing the state where used the electrodeposition fluid for cladding layers on 
the optical semiconductor thin film, and the lower clad layer 16 (non-dryness) was formed in 
the selected area by carrying out an optical exposure. Drawing 2 (C) shows the state where 
the core layer 18 was formed in the selected area, by using the electrodeposition fluid for core 
layers on the lower clad layer 16 in non-dryness, and carrying out an optical exposure in the 
selected area. Drawing 2 (D) uses the electrodeposition fluid for cladding layers for the side of 
the core layer 18 of non-dryness, and shows the figure which formed the flank cladding layer 
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17 in the selected area by carrying out an optical exposure. The electrodeposition fluid for 
cladding layers is used for drawing 2 (E) on the cladding layer 17 of non-dryness, and the core 
layer 18, and it shows the figure which formed the upper clad layer 20 in the selected area by 
carrying out an optical exposure. 

[0022]ln this mode, it is possible to form optical functional components, such as an optical 
waveguide and a microlens array, by performing the still more nearly same photoelectrical 
arrival process into the portion in which a cladding layer does not exist to optical waveguide 
production boards. Since it is good and accuracy becomes flat in the optical waveguide upper 
part, the optical waveguide obtained becomes easy [ providing an optical functional component 
in the upper part of an accurate optical waveguide by another process ]. 
[0023]ln said photoelectrical arrival method, what provided the optical semiconductor thin film 
on the conductive substrate may be used as an optical waveguide production board. As a 
material of a conductive substrate, as being chosen from iron and its compound, nickel and its 
compound, zinc and its compound, copper and its compound, titanium, its compound, and 
these mixed materials, a kind can be used as it is few. If it is considered as a conductive 
substrate, a conductive plastic film can also be used. When an optical semiconductor is 
titanium oxide or a zinc oxide, it is formed by a method like the after-mentioned, and also an 
optical semiconductor thin film can be formed on the surface of a board by oxidizing the 
surface of the board of titanium metal or metal zinc. In this case, optical waveguide production 
boards or a film deposition board will comprise a conductive substrate and an optical 
semiconductor thin film on it. Cheap methods, such as heating-at-high-temperature processing 
in the air and anodizing, can be used for oxidation treatment, and it becomes possible to form 
light transmittance state semiconductor membrane, without using expensive sputtering 
process. As for the portion which is not performing oxidation treatment of the substrate metal 
board, it is desirable to perform insulator layer processing in order to avoid unnecessary 
electrodeposited film formation. 

[0024]Next, how to produce an optical waveguide using an electrodeposition process is 
explained. In this method, the optical waveguide production boards which provided the 
conductive thin film or the conductive thin film of pattern state on the insulating substrate are 
used, In the state where it has arranged to the electrodeposition fluid of the drainage system 
containing the film formation material in which the solubility thru/or dispersibility over an 
aqueous liquid falls this when pH changes so that said conductive thin film may contact 
electrodeposition fluid at least. Voltage is impressed between said conductive thin film and a 
counterelectrode, and said material is deposited on said conductive thin film. As an insulating 
substrate, the same thing as the case of a photoelectrical arrival method can be used. The 
method of patternizing a conductive thin film with a conventional method, or leaving only a 
portion required for a conductive substrate, applying an insulator layer, and having a 
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conductive part of pattern state exposed may be used for the conductive thin film of pattern 
state. A cladding layer or a core layer is producible with an electrodeposition process using 
these substrates. 

[0025]Next, how to transfer the optical waveguide formed as mentioned above to other 
substrates is explained. First, how to transfer the optical waveguide produced by the 
photoelectrical arrival method like the above to the substrate for optical waveguides is 
explained. The optical waveguide produced by the photoelectrical arrival method, a core layer 
independent, cladding layer independence or a cladding layer, and a core layer can be 
transferred to other substrates. The substrate which functions also as a cladding layer can be 
used as this substrate. The number of whole processes including an electrodeposition process 
can be reduced by doing in this way. However, a core layer and a cladding layer are 
independently created by electrodeposition, and since transfer will be repeated when forming 
an optical waveguide by repeating transfer, a possibility that a loss and waveguide shape of 
the interface of a core layer and a cladding layer will collapse increases a little. As a substrate 
for optical waveguides which can use the glass substrate and epoxy group board which are 
usually used as a substrate for optical waveguides, and functions also as a cladding layer, 
Polyolefin films, such as polyethylene, polyester film, a polycarbonate film, an acrylic resin film, 
a fluorination polymer film, etc. can be used. 

[0026]The mode which transfers to a substrate the optical waveguide produced using drawing 
3JA) thru/or (F) is explained. Drawing 3 (A) shows an example of a film deposition board, an 
insulating substrate and 12 show a conductive thin film, 14 shows an optical semiconductor 
thin film, and, as for 10, 13 shows stratum disjunctum, respectively. Using this film deposition 
board, as drawing 2 (B) thru/or (E) were explained, form the lower clad layer 16, the core layer 
18, the flank cladding layer 17, and the upper clad layer 20 (refer to drawing 3 (B) thru/or (E)), 
and it ranks second, The substrate 30 is carried in piles on the upper clad layer 20, and heat 
pressing processing is carried out. Then, it exfoliates between stratum disjunctum and a lower 
clad layer, and is considered as an optical waveguide (refer to drawing 3 (F)). 
[0027]The cladding layer or core layer produced with the electrodeposition process can also be 
transferred to other substrates, and it is advantageous in this case to use a thing with the 
function of a cladding layer as this substrate. A core layer is formed in drawing 4 (A) thru/or (D) 
with an electrodeposition process, and the mode which transfers this to the substrate which 
functions also as a cladding layer is shown. Ten show an insulating substrate among drawing 
4_(A), 12 shows the conductive thin film of pattern state, and 13 shows stratum disjunctum, 
respectively. Next, the core layer 18 is formed on the conductive thin film 12 of pattern state as 
mentioned above (refer to drawing 4 (B)), it piles up on the core layer which was able to obtain 
the substrate 32 which functions also as a cladding layer, heat pressing processing is 
performed, and it exfoliates between stratum disjunctum and a core layer after that (refer to 
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drawing 4 (C)). Then, the substrate 34 which functions also as a cladding layer of one more 
sheet is put on the surface of the core layer 18, heat pressing processing is performed 
similarly, and it is considered as an optical waveguide (refer to drawing 4 (D)). 
[0028]ln said photoelectrical arrival method and an electrodeposition process, since stratum 
disjunctum is provided in the film deposition board, when transferring an optical waveguide etc. 
to a substrate, it is not necessary to apply big heat and pressure, and a substrate, an optical 
waveguide, etc. are not damaged. As for stratum disjunctum, what critical surface tension is 30 
or less dyne/cm, and does not affect electrodeposited current is preferred. Specifically, the 
commercial fluoro-resin spray for water proof, etc. can be used. Silicon resin and a silicone oil 
can also be used. Thin films, such as unsaturated fatty acid, such as oleic acid, are also still 
more preferred. 

[0029]ln said photoelectrical arrival method and an electrodeposition process, the thing of a 
different refractive index as said film formation material is used, and also regulation of the 
refractive index of a cladding layer and a core layer can be performed by adding the particles 
for refractive-index regulation to electrodeposition fluid, or combining these etc. This is 
indicated in the part of explanation of electrodeposition fluid. 

[0030] Hereafter, the electrodeposition fluid for optical waveguide formation used with an 
above-mentioned photoelectrical arrival method and electrodeposition process is explained in 
detail. The electrodeposition fluid of this invention includes the film formation material in which 
the solubility thru/or dispersibility over an aqueous liquid falls, when pH changes at least. 
Alone, if one or more kinds of materials have such electrodeposition nature, even if it 
distributes various charges of a refractive-index control material without thin-film-forming 
capability in electrodeposition fluid, it will be incorporated into said electrodeposition nature 
material at the time of film formation, and will be fixed in an optical waveguide. 
[0031]When pH changes, when the pH of liquid changes, as a film formation material in which 
the solubility thru/or dispersibility over an aqueous liquid falls, it is preferred like a carboxyl 
group or an amino group that the substance which has in the molecule a basis (ionic group) 
from which the ionic dissociation nature changes is included. However, said material does not 
necessarily have indispensable existence of an ionic group. The polarity of ion is not asked, 
either. 

[0032]As for the film formation material in which the solubility thru/or dispersibility over an 
aqueous liquid falls, when pH changes, it is preferred that it is a polymer material which has 
such character from viewpoints of the mechanical strength of a thin film (optical waveguide), 
etc. As such a polymer material, the polymer material (ionic polymer) which has an ionic group 
as mentioned above is mentioned. Said ionic polymer needs to have sufficient solubility or 
dispersibility to a drainage system fluid (the drainage system fluid which performed pH 
regulation is included.), and to have a light transmittance state. 
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[0033]ln order to give the function in which the solubility thru/or dispersibility over an aqueous 
liquid falls by change of pH, It is preferred to have a hydrophilic group and a hydrophobic 
group in a molecule, and it is preferred as a hydrophilic group that ionization possibility groups 
(only henceforth an "ionization group"), such as a carboxyl group (anionic group) and an amino 
group (cationic group), are introduced. For example, in the case of the polymer material which 
has a carboxyl group, in an alkaline region, a carboxyl group will be in a dissociation state, and 
pH dissolves in an aqueous liquid, and a dissociation state disappears in acidic regions, and 
solubility falls and deposits. 

[0034]The basis which is carrying out ionic dissociation by change of the above pH losing 
ionicity by existence of the hydrophobic group in said polymer material, and an interval have 
given the function to deposit a film in an instant to the polymer material. In the optical 
waveguide formation method of this invention mentioned later, this hydrophobic group has the 
capability to adsorb refractive-index control particles, and gives a good distributed function to a 
polymer. A hydroxy group other than an ionization group, etc. can be mentioned as a 
hydrophilic group. 

[0035]What has the number of the hydrophobic groups in the polymer which has a 
hydrophobic group and a hydrophilic group in 30 to 80% of range of the total of a hydrophilic 
group and a hydrophobic group is preferred. The number of hydrophobic groups less than 30% 
of thing of the total of a hydrophilic group and a hydrophobic group, Are easy to remelt the 
formed film, and a membranous water resisting property and film strength may be insufficient, 
and when the total of a hydrophilic group and a hydrophobic group has the number of 
hydrophobic groups larger than 80%, Since the solubility of the polymer to a drainage system 
fluid becomes insufficient, electrodeposition fluid becomes muddy, the sediment of material 
arises or the viscosity of electrodeposition fluid rises easily, it is desirable that it is in the 
aforementioned range. The number of hydrophobic groups to the total of a hydrophilic group 
and a hydrophobic group is 55 to 70% of range more preferably. The membranous deposit 
efficiency of especially the thing of this range is high, and its acidity or alkalinity of 
electrodeposition fluid is also stable. Film formation is possible in electrodeposited potential 
with a low photoelectromotive-force grade. 

[0036]As said polymer material, that to which copolymerization of the polymerization nature 
monomer which has a hydrophilic group, and the polymerization nature monomer which has a 
hydrophobic group was carried out is mentioned, for example. Although these derivatives, 
such as methacrylic acid, acrylic acid, methacrylic acid hydroxyethyl, acrylamide, a maleic 
anhydride, fumaric acid, propiolic acid, and itaconic acid, are used as a polymerization nature 
monomer containing a hydrophilic group, it is not limited to these. Especially, especially 
methacrylic acid and acrylic acid have the high film deposition efficiency by a pH change, and 
are a useful hydrophilic monomer. The polymerization nature monomer material, the alkene, 
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styrene, alpha-methylstyrene containing a hydrophobic group, Although these derivatives, 
such as alpha-ethylstyrene, methyl methacrylate, butyl methacrylate, acrylonitrile, vinyl 
acetate, ethyl acrylate, butyl acrylate, and lauryl methacrylate, are used, it is not limited to 
these. Since especially styrene and alpha-methylstyrene have strong hydrophobicity, they are 
a useful hydrophobic monomer that it is easy to acquire the hysteresis characteristic over 
remelting. The copolymer which uses acrylic acid or methacrylic acid as a hydrophilic group 
content monomer, and uses styrene or alpha-methylstyrene as a hydrophobic group content 
monomer as a polymer material used in the optical waveguide formation method of this 
invention is used preferably. 

[0037]The polymer material used in the optical waveguide formation method of this invention, It 
is the polymer material to which copolymerization of the polymerization nature monomer which 
contains such a hydrophilic group and a hydrophobic group, respectively was preferably 
carried out so that the rate of the number of the hydrophilic groups and hydrophobic groups in 
polymers might serve as a ratio like the above, and the kind of each hydrophilic group and 
hydrophobic group is not limited to one sort. 

[0038]ln the optical waveguide formation method of this invention, after forming all the optical 
waveguides, it is preferred to perform the process of heat-treating an optical waveguide at 
least. The transmission loss of an optical waveguide can be reduced by performing such 
processing. Here, "all the optical waveguide" refers to one or more of all the optical 
waveguides, when forming one or more optical waveguides (for example, the core layer of one 
or more layers and the cladding layer of one or more layers). "After forming", "after carrying out 
deposit formation of the optical waveguide", it means in the optical waveguide formation 
method using what formed the optical waveguide in optical waveguide production boards with 
the electrodeposition process (light) as an optical waveguide as it is. However, since it is 
preferred to perform said heat-treatment after the water which an optical waveguide contains is 
removed, it means, after usually passing through the drying process which removes this water. 
In the optical waveguide formation method which transfers to the substrate for optical 
waveguides with a replica method, it means, "after transferring an optical waveguide to the 
substrate for optical waveguides." 

[0039](Light) Although moisture is usually slightly incorporated into the film, therefore the 
process of drying the optical waveguide after deposit formation and removing the moisture in a 
film is performed, the. optical waveguide which carried out deposit formation with the 
electrodeposition process, When moisture falls out, a film defect (for example, pinhole) arises 
in an optical waveguide, and it is presumed that this enlarges transmission loss of an optical 
waveguide. Said defect is restored by this heat-treatment in this invention, the surface 
roughness in the optical waveguide surface, or a core / clad interface is improved further, and 
it is thought that it becomes possible to reduce transmission loss. 
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[0040]Said heat-treatment should just be the heat-treatment which the transmission loss of the 
optical waveguide after heat treatment reduces compared with heat treatment before, and 
there is no restriction in particular in cooking temperature and cooking time. The cooking 
temperature can take into consideration the glass transition temperature of the polymer 
material used as a film formation material, flow beginning temperature, etc. In order to perform 
said heat-treatment efficiently, it is preferred to heat more than the flow beginning temperature 
of a polymer material. Said flow beginning temperature means the "outflow starting 
temperature" indicated to the polymers material testing method (14,364-369 pages of 
"polymers engineering lectures", Society of Polymer Science,Japan edit, Chijin Shokan Co., 
Ltd., Showa 38). The flow beginning temperature of the polymer material used by this invention 
is a **** thing in general at the range of 50-200 **, and what is in the range of 1 10-130 ** still 
more preferably 80-150 ** preferably is desirable. If it pressurizes to an optical waveguide in 
the case of heat-treatment, it is possible to shorten cooking time or to make cooking 
temperature low. 

[0041 ]lt can be considered as the polymer material which can construct a bridge by introducing 
a cross-linking group, a bridge can be heat-treated and constructed over the polymer material 
used in this invention after optical waveguide formation, and the mechanical strength and heat 
resistance of an optical waveguide can be raised to it. 

[0042]As a cross-linking group, an epoxy group, a block isocyanate group (the basis which 
may change to an isocyanate group is included), a cyclo carbonate group, a melamine group, 
etc. are mentioned. Therefore, that to which copolymerization of the polymerization nature 
monomer which has a cross-linking group, for example, the polymerization nature monomer 
which has a hydrophilic group, and the monomer which has a hydrophobic group was carried 
out as said polymer material is used suitably. As a polymerization nature monomer which has 
said cross-linking group, they are glycidyl (meta) acrylate, acrylic acid (meta) azide, and the 
methacrylic acid 2, for example. - (0-) [I'-methylpropylideneamino] Carboxyaminoethyl (the 
Showa Denko [ K.K. ] make, a trade name: currant M01-BN), 4-(meta) (acryloyl oxymethyl) 
ethylene carbonate, acryloyl (meta) melamine, etc. are mentioned, although these cross- 
linking monomers change also with kinds of monomer to be used - general - 1-20-mol % in 
an electrodeposition nature high molecular compound - it is contained. 
[0043]The degree of polymerization of said polymer material serves as a polymer material in 
which the thing of 6,000 to 25,000 obtains a good film deposition film. A degree of 
polymerization is the material of 9,000 to 20,000 more preferably. It will become easy to remelt 
if a degree of polymerization is lower than 6,000. If a degree of polymerization is higher than 
25,000, the solubility to a drainage system fluid becomes insufficient, a fluid will become 
muddy, or the sediment will have arisen enough, and a problem will be produced. 
[0044]When said polymer material has anionic groups, such as a carboxyl group, as for the 
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acid value of this polymer material, in the range of 300, the good electrodeposited 
characteristic is obtained from 60. The range of 90 to 195 is especially more preferred. If said 
acid value is smaller than 60, the solubility to a drainage system fluid becomes insufficient, it 
will become impossible to raise the solids concentration of electrodeposition fluid to an 
appropriate value, and a fluid will become muddy, a sediment will arise, or liquid viscosity will 
rise, and a problem will arise. Since it will be easy to remelt the formed film if acid value 
exceeds 300, said range is suitable. 

[0045]As for said polymer material, it is preferred that acidity-or-alkalinity change which 
generates a supernatant fluid from a solution state or a dispersion state, and forms a 
precipitate arises in less than two pH range fields according to change of the pH value of the 
electrodeposition fluid which it is dissolving. An electrodeposited film's depositing becomes 
that the aforementioned pH range field is less than two possible in an instant also to a steep 
pH change, and the cohesive force of the electrodeposited film which deposits is high, and the 
effect of the remelting speed to electrodeposition fluid decreasing is excellent. And the optical 
waveguide which has low transmission loss and high resolution is obtained by this. When said 
pH range field is larger than 2, the fall of the electrodeposition rate for obtaining sufficient 
diaphragm structure, waterproof lack (the fall of resolution is caused) of an electrodeposited 
film, etc. take place easily. In order to obtain the more desirable characteristic, said pH range 
field is less than one. 

[0046]As for the electrodeposition fluid in the state where the polymer material like the above 
dissolved, it is preferred to have further the characteristic of being hard to remelt, besides the 
change of state which forms a precipitate to change of a pH value arising steeply. This 
characteristic is called what is called hysteresis characteristic, in the case of an anionic 
polymer material, when pH falls, a deposit takes place rapidly, for example, but even if pH 
rises, things which remelting does not take place rapidly but are done for the fixed time 
maintenance of the separation state, such as at for example, the time of an electrodeposited 
end, etc., are meant. On the other hand, even if pH rises slightly, solubility rises, and what 
does not show a hysteresis characteristic tends to remelt a deposit film. 
[0047]The polymer material which has the characteristic like the above is obtained by adjusting 
suitably the balance of a hydrophilic group, the kind of hydrophobic group and a hydrophilic 
group, and a hydrophobic group, acid value, a molecular weight, etc. Unless the formation 
effect of a thin film is spoiled, the polymer material included in the electrodeposition fluid of this 
invention, Material which was described in the top can be combined arbitrarily and the mixture 
of a heteropolarity molecule like the mixture of a like-pole nature child like the mixture of two or 
more kinds of anionic molecules or the mixture of an anionic molecule and a cationic molecule 
is mentioned. 

[0048]Next, the conductivity of electrodeposition fluid is explained. If electrodeposited speed of 
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conductivity is regood, the more it relates to the amount of electrodeposition and conductivity 
becomes high, the thickness of the electrodeposited film adhering to fixed time will become 
thick, and, the more it will be saturated with about 20 mS/cm. Therefore, only with a polymer 
material, when conductivity is insufficient, electrodeposited speed can be controlled by adding 

the ion which does not affect electrodeposition, for example, NH 4+ ion, and CI " ion. Usually, 
electrodeposition fluid adds a supporting electrolyte and raises conductivity. As for the 
supporting electrolyte generally used in electrochemistry, tetra-alkyl ammonium salt, such as 
alkali metal salt, such as NaCI and ** KCI, ammonium chloride, ammonium nitrate, 
tetraethylammonium perchlorate (Et 4 NCI0 4 ), is used. This invention can also use these 

supporting electrolytes. However, in order that an alkaline metal may have an adverse effect 
on the characteristic of a thin film transistor, when forming an optical waveguide in the 
substrate which provided the thin film transistor in piles, the electrodeposition fluid containing 
this cannot be used. In such a case, then, ammonium salt, such as NH 4 CI and NH 4 N0 3 , It is 

preferred to use tetra-alkyl ammonium salt, such as Et 4 NCI0 4 , n-Bu 4 NCI0 4 , Et 4 NBF 4 , Et 4 

NBr, and n-Bu 4 NBr. Even if such a compound exists during electrodeposition, it does not have 

an adverse effect on transistor characteristics. 

[0049]Though the pH of electrodeposition fluid is also natural, formation of a thin film is 
influenced. For example, if electrodeposited on the conditions that an electrodeposited nature 
child's solubility is saturated, before thin film forming, after thin film forming, it will be hard to 
remelt. However, if a film is formed by the pH of the solution of an unsaturation state, even if a 
thin film is formed, just as it stops an optical exposure, a film will begin to remelt. Therefore, 
since it is more desirable to form a thin film by the pH of the solution that solubility is saturated, 
it is necessary to use acid and alkali for desired pH and to adjust electrodeposition fluid. 
[0050]lt is the range of the refractive indicees 1.45-1.6, they are transparent at a separation 
state, and since the electrodeposition nature polymers explained above do not have the 
absorption in the wavelength of 0.8-1.6 micrometers used for an optical waveguide, they are 
preferred as an optical waveguide material. Since ultraviolet rays are not absorbed in the state 
where it dissolved in water as electrodeposition fluid, either, it can irradiate with pattern 
ultraviolet rays to an optical semiconductor through electrodeposition fluid. Since it can be 
electrodeposited with the low voltage not more than 5V in a pan, it is possible to form an 
electrodeposited pattern according to the photoelectromotive force by an optical 
semiconductor. 

[0051 ]For example, when forming a core layer and a cladding layer using the same 
electrodeposition nature polymers, the method of making the refractive index of a core layer 
and a cladding layer produce a difference is as follows. ** using the thing containing the 
electrodeposition nature polymers like the above as electrodeposition fluid for cladding layers - 
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- on the other hand - as the electrodeposition fluid for core formation said electrodeposition 
nature polymers in addition, use what distributed the particles whose refractive index is 
higher than said electrodeposition nature polymers. ** using the thing containing the 
electrodeposition nature polymers like the above as electrodeposition fluid for core layers - on 
the other hand - as the electrodeposition fluid for clad formation - said electrodeposition 
nature polymers - in addition, use what distributed the particles whose refractive index is lower 
than said electrodeposition nature polymers. ** as the electrodeposition fluid for core layers - 
the electrodeposition nature polymers like the above - in addition - using what distributed the 
particles whose refractive index is higher than said electrodeposition nature polymers - and - 
as the electrodeposition fluid for cladding layers - said electrodeposition nature polymers - in 
addition, use what distributed the particles whose refractive index is lower than said 
electrodeposition nature polymers. It is also possible to adjust the refractive index of a cladding 
layer and a core layer by using the particles further for refractive-index adjustment for this 
suitably, using the electrodeposition nature polymer material in which refractive indicees differ 
two sorts. 

[0052]Next, the particles for the refractive-index adjustment of a layer added to 
electrodeposition fluid are explained. As number average particle diameter of said particle, 
from a viewpoint of the dispersibility to electrodeposition fluid, and the transparency of an 
electrodeposited film, 0.2-150 nm is preferred and 2-20 nm is more preferred. If the cost at the 
time of manufacture will become high if it is less than 0.2 nm, and the stable quality may not be 
acquired and said number average particle diameter exceeds 150 nm (namely, 1/10 [ 1.5- 
micrometer ] which is a wavelength range used by communication), the fall of transparency 
and internal scattered reflection will be caused and internal loss will increase. Titanium oxide, a 
zinc oxide, etc. are mentioned as particles of the high refractive index applied to the 
electrodeposition fluid for core layers, and materials, such as a fluorine compound represented 
by magnesium flux as particles of the low refractive index applied to the electrodeposition fluid 
for cladding layers, are mentioned. 

[0053]Next, the optical semiconductor thin film in this invention is explained. As an optical 
semiconductor thin film used for a photoelectrical arrival method, fundamentally, if it is a 
transparent thin film semiconductor which generates electromotive force by optical exposure, 
all can be used. Specifically, there are GaN, a diamond, c-BN, SiC, ZnSe, Ti0 2 , ZnO, etc. as 

said semiconductor. Since absorption does not spread titanium oxide on 400 nm or less 
especially, it is used preferably. As a method of providing titanium oxide semiconductor 
membrane, a substrate has methods, such as a thermal oxidation method, SUPPATA Ling's 
method, electron beam evaporation method (the EB method), the ion plating method, and a soi 
gel process, and what has the good characteristic as an n-type semiconductor is obtained by these 
methods. However, the case of a heat-resistant low thing, for example, a plastic film, and when 
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a substrate forms an optical waveguide in the substrate which provided TFT in piles, it needs 
to choose the forming-membranes method do not have an adverse effect on a plastic film or 
TFT. Although the sol gel process can form titanium oxide with optical activity high as an 
optical semiconductor, In order to make it sinter at 500 degrees, it is difficult to produce 
titanium oxide membrane on the case where a plastic film substrate only with the heat 
resistance which is about 200 ** is used, and the substrate which provided TFT which cannot 
be heated at not less than 250 **. Therefore, when using a plastic film substrate, the sputtering 
process which is a method for film deposition with possible and being 200 degrees or less and 
producing a film at low temperature if possible if it can do, and a comparatively small damage 
to a substrate, especially the RF weld slag CHINGU method are used preferably. (Since an 
electron beam method and the ion plating method heat a substrate at around 200 **, they are 
not preferred.) 

[0054]ln using the substrate which provided TFT, use sputtering and an electron-beam-heating 
method, or. Or the coating liquid for thin film forming which distributed photocatalyst-titanium- 
oxide particles, such as TOTO, LTD. and Nippon Soda (Co., Ltd. etc.), is used, and the 
methods (the lift-off method using photoresist, etc.) of forming a titanium oxide thin film at low 
temperature are applied. Photoelectromotive force that it is preferred using the RF weld slag 
CHINGU method for forming an anatase type titanium oxide thin film with high optical activity 
and high is acquired. The thickness of an optical semiconductor thin film is a range from which 
the characteristic with the good range of 0.05 to 3 micrometers is obtained. Since the 
absorption of light becomes insufficient in less than 0.05 micrometer easily, and membrane 
formation nature, like a crack arises on a film will worsen easily if it exceeds 3 micrometers, 
said range is suitable. In the case of titanium oxide or a zinc oxide, an optical semiconductor 
thin film can produce like the above the substrate which provided the optical semiconductor 
thin film in the surface by oxidizing the board of titanium or zinc. 

[0055]Next, the optical waveguide manufacturing installation of this invention is explained. In 
the photoelectrical arrival method of this invention, although the method in particular of 
irradiating an optical semiconductor thin film selectively is not limited and laser exposure 
besides [ which uses a photo mask ] a method is mentioned, it is preferred to use a photo 
mask in terms of accuracy and handling. Drawing 5 is a key map showing the optical 
waveguide manufacturing installation which forms an optical waveguide by a photoelectrical 
arrival method using a photo mask. A light source (not shown) for the optical waveguide 
manufacturing installation shown by drawing 5 to irradiate with ultraviolet rays, and the first 
image formation optical lens 72, The image formation optical system which has the second 
image formation optical lens 73, It has the means 90 for the voltage impressing like the photo 
mask 71 inserted between the first image formation optical lens and the second image 
formation optical lens, the electrodeposited tub 80 which stored electrodeposition fluid, and a 
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potentiostat, the counterelectrode 91, and the reference electrode 92 like a saturated calomel 
electrode. It is also possible to replace with said image formation optical system in the 
aforementioned optical waveguide manufacturing installation, and to use a mirror catoptric 
system. And as drawing 5 shows, they are used for it, making said device arrange optical 
waveguide production boards to an electrodeposited tub. By using the projection optical 
system like the above, image formation of the pattern exposure can be carried out to an optical 
semiconductor thin film, and the resolution of an optical waveguide can be raised by short 
exposure time.[0056]lt is preferred that the distance of the image formation optical lens of said 
image formation optical system and the substrates face of a light transmittance state shall be 1 
mm - 50 cm in terms of handling, and, as for the depth of focus of an image formation optical 
system, it is preferred from a point of accuracy and handling that it is the range of **10-**100 
micrometers. 

[0057]When the photo mask and the optical semiconductor thin film are close, it is not 
necessary to use the device provided with the exposure device which has the image formation 
optical system and mirror catoptric system like the above, and an optical exposure can be 
carried out with a parallel beam or a stuck type exposure device. As a source of irradiation 
light, the source of uniform irradiation light of Hg-Xe can be used. For example, as shown in 
drawing 6 , using the source 75 of Hg-Xe uniform irradiation light, **** contiguity is carried out at 
an oil level, the photo mask 71 is placed, and detailed pattern formation becomes possible by 
arranging optical waveguide production boards near said photo mask. In this case, the thing 
shallow if possible of the depth of water of the electrodeposition fluid on optical waveguide 
production boards is desirable. In addition, when exposing to an optical semiconductor thin film 
through an insulating substrate, the pattern excellent in resolution is obtained by an insulating 
substrate's being 0.2 mm or less, and preventing diffraction of light, and sticking a photo mask 
to this board, and exposing. As an insulating substrate of 0.2 mm or less, a plastic film is used 
suitably. 

[0058]Of course, if a long time may be sufficient as exposure time, the optical exposure is 
possible also by a cheap scanning laser writing device. Drawing 7 is a key map showing the 
device which carries out an optical exposure by a laser beam in the selected area. It has the 
means 90 for the voltage impressing like the scanning laser writing device 78 for the laser 
beam exposure of helium-Cd laser etc., the electrodeposited tub 80 which stored 
electrodeposition fluid, and a potentiostat, the counterelectrode 91, and the reference 
electrode 92 like a saturated calomel electrode. In addition, if it is a range which pattern 
resolution allows, it is usable also in a cheaper proximity type exposure device. In a 
photoelectrical arrival method, exposure is good even from the optical semiconductor thin film 
side even from the insulating substrate side of optical waveguide production boards or a film 
deposition board. When exposing from the optical semiconductor thin film side, said substrate 
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will be immersed into electrodeposition fluid, but since the electrodeposition fluid used in this 
invention does not absorb the ultraviolet rays used as irradiation light, it can be exposed to an 
optical semiconductor thin film through electrodeposition fluid. The case where drawing 6 and 
drawing 7 perform the case where drawing 5 is exposed from the insulating substrate side, 
from the optical semiconductor thin film side is shown. In a photoelectrical arrival method, 
when sufficient electromotive force for electrodeposition is acquired by an optical 
semiconductor, it is not necessary to impress bias voltage with a voltage applying device. 
[0059] Drawing 8 showed the key map of the device which produces an optical waveguide with 
an electrodeposition process, and this device is provided with the means 90 for the voltage 
impressing like the electrodeposited tub 80 which stored electrodeposition fluid, and a 
potentiostat, the counterelectrode 91, and the reference electrode 92 like a saturated calomel 
electrode. This figure provides a conductive film in the whole surface to a substrate, and shows 
that a cladding layer is formed. In said drawing 5 thru/or drawing 8 , although the voltage 
applying device is connected with the conductive thin film, in a photoelectrical arrival method, 
the optical semiconductor thin film is functioning as a work electrode. 
[0060] 

[Example]This invention is not limited by these examples, although an example is shown below 
and this invention is explained to it still more concretely. 

Example 1 this example shows the example of production of the optical waveguide which 
has structure as shown in drawing 1 (D). (In forming a cladding layer, it does not carry out an 
optical exposure, but the voltage which exceeds the Schottky barrier of an optical 
semiconductor is impressed.) 

(1) To the preparation pure water 100g of the electrodeposition fluid for core formation, it is a 
styrene acrylic acid copolymer (the molecular weight 13,000, 65% of the mole ratio of hydrophobic 
group/(hydrophilic group + hydrophobic group), the acid value 150) ("the electrodeposition 
nature polymer material A" is called hereafter.). ]Dispersion mixing of the titanium oxide 5g 2 
nm in diameter is carried out to 5 g, and also it is dimethylamino ethanol (by water soluble.) at 
the rate of 180 mmol/l. Not less than 1 10 ** of boiling points and the fluid of 100 or less mHg of 
steam pressure were added, and also it adjusted so that it might become pH 7.8 and 
conductivity 12 mS/cm using tetramethylammonium hydroxide and ammonium chloride, and 
this was made into the electrodeposition fluid for core formation. 

(2) carrying out dispersion mixing of said electrodeposition nature polymer material A5g to the 
pure water 100g like the preparation above (1) of the electrodeposition fluid for clad formation - 
- further - dimethylamino ethanol at a rate of 180 mmol/l, [ add and ] It adjusted so that it might 
become pH 7.8 and conductivity 12 mS/cm using tetramethylammonium hydroxide and 
ammonium chloride, and this was made into the electrodeposition fluid for clad formation. 

(3) 100 nm of transparent conducting films of ITO were produced by sputtering process to the 
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alkali-free-glass board (7059 glass) with a production thickness of 0.5 mm of optical waveguide 
production boards, and 200 more-nm Ti0 2 was produced by RF sputtering process. 

(4) In arrangement of the general trilateral type in electrochemistry as shown by production 
drawing 8 of an optical waveguide, The electrodeposition fluid for clad formation was used as 
electrodeposition fluid, the Ti0 2 electrode was used as a work electrode to the saturated 

calomel electrode, and when bias voltage which carries out a seal of approval to a work 
electrode was set to 3.5V and impressed for 20 seconds, the 10-micrometer-thick lower clad 
layer was formed in the Ti0 2 entire surface. Next, electrodeposition fluid is changed to the 

electrodeposition fluid for core formation, without drying a cladding layer, The product 

2 

contiguity type exposure device made from Yamashita electrical (light intensity 50 mW/cm 
with a wavelength of 365 nm) and the photo mask for cores as shown in drawing 6 are used, 
Where bias voltage which carries out a seal of approval to a work electrode is set to 1.8V, 
when it irradiated with ultraviolet rays for 15 seconds through electrodeposition fluid from the 
substrate upper part, a core layer 5 micrometers in thickness and 5 micrometers in width was 
formed only in the field to which the light of the Ti0 2 surface was irradiated. Next, without 

drying a cladding layer and a core layer, electrodeposition fluid was changed to the 
electrodeposition fluid for clad formation, and when bias voltage which carries out a seal of 
approval to a work electrode was set to 4V and impressed for 35 seconds, the 10-micrometer- 
thick upper clad layer was formed in the Ti0 2 entire surface. By picking out a substrate from a 

cistern and performing dip washing for 3 minutes in pure water, in the film, removed the salinity 
which remains slightly, ranked second, it was made to dry by a clean air, and the optical 
waveguide substrate was completed. When the obtained optical waveguide was started in 
length of 50 mm with the dicing saw and insertion loss was measured, it turned out on the 
wavelength of 0.85 micrometer that it is transmission loss of about 5 dB. 
[0061]Heat-treatment was carried out for the optical waveguide produced in example 2 
Example 1 for 3 minutes at 140 **. When transmission loss was measured like Example 1 after 
that, it turned out that transmission loss of about 2 dB improves. This is presumed to be what 
is depended on the pinhole which remained slightly in the optical waveguide film having been 
removed. 

[0062]Example 3 - in this example, the optical waveguide of structure as shown by drawing 2 
(E) was produced. The object for clad formation, the electrodeposition fluid for core layer 
formation, and the optical waveguide production boards of the same presentation as Example 
1 were used. In arrangement of a general trilateral type, the electrodeposition fluid for clad 
formation is used as electrodeposition fluid in electrochemistry as shown in drawing 5 , a Ti0 2 

electrode is used as a work electrode to a saturated calomel electrode, bias voltage which 
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carries out a seal of approval to a work electrode is set to 1 .8V, and it irradiates with ultraviolet 
rays from the back side of a substrate. The projection type exposure device made from the 
USHIO electrical and electric equipment was used for ultraviolet rays, (light intensity 50 

2 

mW/cm with a wavelength of 365 nm). The projection type exposure device was adjusted so 
that image formation might once be carried out to the photo mask for lower dads and also 
image formation might be carried out to the titanium oxide surface which is a rear face of a 
substrate via an optical lens. When exposed for 10 seconds with this device, a lower clad layer 
10 micrometers in thickness and 20 micrometers in width was formed in the Ti0 2 surface only 

for the field where light was irradiated (refer to drawing 2 (B)). 

[0063]Next, if change electrodeposition fluid to the electrodeposition fluid for core formation, a 
photo mask is replaced with the thing for cores, bias voltage which carries out a seal of 
approval to a work electrode is set to 1 .8V and it irradiates with ultraviolet rays for 15 seconds 
from the back side of a substrate, without drying a cladding layer, A core layer 5 micrometers 
in thickness and 5 micrometers in width was formed in the Ti0 2 surface only the field where 

light was irradiated (refer to drawing 2 (C)). 

[0064]Next, electrodeposition fluid is changed to the electrodeposition fluid for clad formation, 
without drying a cladding layer and a core layer, The photo mask was replaced with the thing 
for side clad formation, and when bias voltage which carries out a seal of approval to a work 
electrode was set to 1.8V and it irradiated with ultraviolet rays for 15 seconds from the back 
side of the substrate, the 5-micrometer-thick side cladding layer was formed in the Ti0 2 

surface only for the field where light was irradiated (refer to drawing 2 (D)). Next, 
electrodeposition fluid is changed to the electrodeposition fluid for clad formation, without 
drying a cladding layer and a core layer, The photo mask was replaced with the thing for upper 
dads, and when bias voltage which carries out a seal of approval to a work electrode was set 
to 1 .8V and it irradiated with ultraviolet rays for 35 seconds from the back side of the substrate, 
the 10-micrometer-thick upper clad layer was formed in the Ti0 2 surface only for the field 

where light was irradiated (refer to drawing 2 (E)). By picking out a substrate from a cistern and 
performing dip washing for 3 minutes in pure water, in the film, removed the salinity which 
remains slightly, ranked second, it was made to dry by a clean air, and the optical waveguide 
substrate was completed. When the obtained optical waveguide was started in length of 50 
mm with the dicing saw and insertion loss was measured, it turned out on the wavelength of 
0.85 micrometer that it is transmission loss of about 2 dB. 

[0065]Heat-treatment was carried out for the optical waveguide produced in example 4 
Example 3 for 15 minutes at 200 **. When transmission loss was measured like Example 3 
after that, it turned out that transmission loss of about 1 dB improves. Although solvent 
resistance (for example, acetone) has furthermore been improved as for this optical 
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waveguide, this is presumed to be based on the bridge having been constructed over the 
polymer material by said heat-treatment. The obtained optical waveguide is accurate and the 
upper part was flat again. It was possible to have formed optical functional components, such 
as an optical waveguide and a microlens array, by performing the still more nearly same 
photoelectrical arrival process into the portion in which a cladding layer does not exist. Since 
the optical waveguide upper part furthermore became flat, it was also easy to form an optical 
functional component in the optical waveguide upper part by another process. 
[0066]Example 5 - forming titanium oxide which is an optical semiconductor thin film by 
oxidation treatment of titanium in this example (the example which produces the optical 
waveguide which has the structure shown by drawing 1 (D) and the same structure is shown.) 
To the preparation pure water 100g of the electrodeposition fluid for clad formation, (1) 
Electrodeposition nature polymer material A5g, Dispersion mixing of 3 g of the magnesium flux 
particles (refractive index 1 .38) 5 nm in diameter is carried out, Dimethylamino ethanol was 
added to the pan at a rate of 180 mmol/l, and also it adjusted so that it might become pH 7.8 
and conductivity 12 mS/cm using sodium hydroxide and sodium chloride, and this was made 
into the electrodeposition fluid for clad formation. 

(2) Dispersion mixing of the electrodeposition nature polymer material A5g is carried out to the 
preparation pure water 100g of the electrodeposition fluid for core formation, Dimethylamino 
ethanol was added to this at a rate of 180 mmol/l, and also it adjusted so that it might become 
pH 7.8 and conductivity 12 mS/cm using sodium hydroxide and sodium chloride, and this was 
made into the electrodeposition fluid for core formation. 

(3) Oxidation treatment which applies high temperature to the surface of a titanium metal board 
with a production thickness of 0.5 mm of optical waveguide production boards was performed, 
the 1000-nm-thick titanium oxide layer was formed, and this was made into optical waveguide 
production boards. Portions other than a titanium oxide layer were insulated with the epoxy 
resin. 

(4) In arrangement of the general trilateral type in electrochemistry as shown in production 
drawing 8 of an optical waveguide, The electrodeposition fluid for clad formation was used as 
electrodeposition fluid, the Ti0 2 electrode was used as a work electrode to the saturated 

calomel electrode, and when bias voltage which carries out a seal of approval to a work 
electrode was set to 3.5V and impressed for 20 seconds, the 10-micrometer-thick lower clad 
layer was formed in the Ti0 2 entire surface. Next, electrodeposition fluid is changed to the 

electrodeposition fluid for core formation, without drying a cladding layer, The product 

contiguity type exposure device made from Yamashita electrical (light intensity 50 mW/cm 2 
with a wavelength of 365 nm) and the photo mask for cores as shown in drawing 6 are used, 
Where bias voltage which carries out a seal of approval to a work electrode is set to 1 .8V, 
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when it irradiated with ultraviolet rays for 70 seconds through electrodeposition fluid from the 
substrate upper part, the 20-micrometer-thick core layer was formed in the Ti0 2 surface only 

for the field where light was irradiated. Next, without drying a cladding layer and a core layer, 
electrodeposition fluid was changed to the electrodeposition fluid for clad formation, and when 
bias voltage which carries out a seal of approval was set to 4V and impressed to the work 
electrode for 50 seconds with a device as shown in drawing 8 , the 15-micrometer-thick upper 
clad layer was formed in the Ti0 2 entire surface. By picking out a substrate from a cistern and 

performing dip washing for 3 minutes in pure water, in the film, removed the salinity which 
remains slightly, ranked second, it was made to dry by a clean air, and the optical waveguide 
substrate was completed. When the obtained optical waveguide was started in length of 50 
mm with the dicing saw and insertion loss was measured, it turned out on the wavelength of 
0.85 micrometer that it is transmission loss of about 5 dB. 

[0067]Heat-treatment was carried out for the optical waveguide produced in example 6 
Example 5 for 3 minutes at 140 **. When transmission loss was measured like Example 5 after 
that, it turned out that transmission loss of about 2 dB improves. 

[0068]Example 7 -- forming the zinc oxide which is an optical semiconductor thin film by zincky 
anodizing in this example (the example which produces the optical waveguide which has the 
structure shown by drawing 1 (D) and the same structure is shown.) 
To the preparation pure water 100g of the electrodeposition fluid for clad formation, (1) 
Electrodeposition nature polymer material A5g, Dispersion mixing of 1 .5 g of the magnesium 
flux particles (refractive index 1.38) 5 nm in diameter is carried out, Dimethylamino ethanol 
was added to this at a rate of 180 mmol/l, and also it adjusted so that it might become pH 7.8 
and conductivity 12 mS/cm using sodium hydroxide and sodium chloride, and this was made 
into the electrodeposition fluid for clad formation. 

To the preparation pure water 100g of the electrodeposition fluid for core formation, (2) 
Electrodeposition nature polymer material A5g, Dispersion mixing of 2.5 g of the titanium oxide 
particles (refractive index 2.5) 2 nm in diameter is carried out, Dimethylamino ethanol was 
added to this at a rate of 180 mmol/l, and also it adjusted so that it might become pH 7.8 and 
conductivity 12 mS/cm using sodium hydroxide and sodium chloride, and this was made into 
the electrodeposition fluid for core formation. 

(3) As a production optical waveguide production board of optical waveguide production 
boards, anodizing of the surface was carried out and the zinc plate which laminated the 1000- 
nm-thick zinc oxide layer was used. Portions other than a zinc oxide layer were insulated with 
the epoxy resin. 

(4) In arrangement of the general trilateral type in the electrochemistry shown in production 
drawing 8 of an optical waveguide, The electrodeposition fluid for clad formation was used as the 
electrolysis solution, the zinc oxide layer was used as a work electrode to the saturated 
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calomel electrode, and when bias voltage which carries out a seal of approval to a work 
electrode was set to 3.5V and impressed for 20 seconds, the 10-micrometer-thick lower clad 
layer was formed in the zinc oxide entire surface. Next, electrodeposition fluid is changed to 
the electrodeposition fluid for core formation, without drying a cladding layer, The helium-Cd 

laser (light intensity 10 mW/cm with a wavelength of 331 nm) which can be scanned by a 
scanning stage as shown in drawing 7 is used, Where bias voltage which carries out a seal of 
approval to a work electrode is set to 1 .8V, when helium-Cd laser was scanned at the speed of 
1 mm/s through electrodeposition fluid from the substrate upper part, the 5-micrometer-thick 
core layer was formed in the zinc oxide surface only for the field where light was irradiated. 
Next, without drying a cladding layer and a core layer, electrodeposition fluid was changed to 
the electrodeposition fluid for clad formation, and when bias voltage which carries out a seal of 
approval to a work electrode was set to 4V and impressed for 35 seconds, the 10-micrometer- 
thick upper clad layer was formed in the entire surface of a cladding layer and a core layer. By 
picking out a substrate from a cistern and performing dip washing for 3 minutes in pure water, 
in the film, removed the salinity which remains slightly, ranked second, it was made to dry by a 
clean air, and the optical waveguide substrate was completed. When the obtained optical 
waveguide was started in length of 50 mm with the dicing saw and insertion loss was 
measured, it turned out on the wavelength of 0.85 micrometer that it is transmission loss of 
about 5 dB. 

[0069]Heat-treatment was carried out for the optical waveguide produced in example 8 
Example 7 for 3 minutes at 140 **. When transmission loss was measured like Example 7 after 
that, it turned out that transmission loss of about 2 dB improves. 

[0070]Example 9 -- this example shows the example which produces the optical waveguide 
which has the same structure as drawing 3 (F) using photoelectrical arrival and a replica 
method. 

(1) 200 nm of transparent conducting films of ITO were produced by sputtering to the Pyrex (R) 
glass plate with a production thickness of 1 mm of a film deposition board, and 300 more-nm 
Ti0 2 was produced by RF sputtering process. On Ti0 2> stratum disjunctum was formed by 

carrying out the spin coat of the 1% of oleic acid solution (ethyl acetate solvent) for 20 seconds 
at 4000 rpm. 

(2) The thing of the same presentation as the electrodeposition fluid used in the object for 
cladding layers and electrodeposition fluid example 4 for core layers was used. 

(3) Like the formation example 2 of a cladding layer and a core layer on stratum disjunctum, By 
forming a lower clad layer-core layer-flank cladding layer-upper clad layer (refer to drawing 3 
(B) thru/or (E)), picking out a substrate from a cistern, and performing dip washing for 3 
minutes in pure water, in the film, the salinity which remains slightly was removed, and it 
ranked second, and dried by the clean air. 
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(4) The polyethylene film of the 0.5-mm thickness heated to 150 ** of transfers of the optical 
waveguide is put on said optical waveguide surface, The optical waveguide which performed 
heat pressing processing with the linear velocity of 20 mm/sec, exfoliated between the rolls of 
two of the line pressurization state of 200 g/cm between the account stratum disjunctum of 
back to front and optical waveguide, and produced these was made to transfer on a 
polyethylene film. When the 50-mm straight-line portion of the obtained optical waveguide was 
started and insertion loss was measured, it turned out on the wavelength of 0.85 micrometer 
that it is transmission loss of about 3 dB. 

[0071]Example 10 - this example shows the example which produces the optical waveguide of 
the structure shown by drawing 1 (D) using photoelectrical arrival and a replica method. At this 
example, it is (1). On the polyimide film with a production thickness of 0.3 mm of a film 
deposition board, 200 nm of transparent conducting films of ITO were produced by sputtering 
process, and 300 more-nm Ti0 2 was produced by RF sputtering process. On Ti0 2> the 

silicone oil 0.5% solution (solvent hexane) was used, dip coating (raising speed 20 mm/s) was 
performed, and stratum disjunctum was formed. 

(2) The thing of the same presentation as the electrodeposition fluid used in the object for 
cladding layers and electrodeposition fluid example 1 for core layers was used. 

(3) By forming a cladding layer-core layer-cladding layer on said stratum disjunctum like the 
formation example 1 of a cladding layer and a core layer, picking out a substrate from a 
cistern, and performing dip washing for 3 minutes in pure water, In the film, the salinity which 
remains slightly was removed, and it ranked second, and dried by the clean air. 

(4) The glass epoxy board for printed circuit boards which put the glue line on the transfer 
surface of the optical waveguide is put on the optical waveguide surface, The optical 
waveguide substrate which performed heat pressing processing with the linear velocity of 20 
mm/sec, exfoliated between the rolls of two of the line pressurization state of 100 g/cm 
between the account stratum disjunctum of back to front and optical waveguide, and produced 
these was made to transfer on a glass epoxy board. When the 50-mm straight-line portion of 
the obtained optical waveguide was started and insertion loss was measured, it turned out on 
the wavelength of 0.85 micrometer that it is transmission loss of about 3 dB. 
[0072]Example 1 1 - this example shows the example which produces the optical waveguide of 
the structure shown by drawing 4 (D) with electrodeposition and a replica method. 

(1) To the Pyrex (R) glass plate with a production thickness of 3 mm of a film deposition board, 
200 nm of transparent conducting films of ITO were produced by sputtering, and the same 
pattern as the core layer which should be formed by the etching process by a conventional 
method was formed. After this patternizing ITO, stratum disjunctum was formed by carrying out 
the spin coat of the 1% of oleic acid solution (ethyl acetate solvent) for 20 seconds at 4000 
rpm. 
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(2) In arrangement of the general trilateral type in electrochemistry as shown in drawing 8 
using the electrodeposition fluid for core layers of the same presentation as the formation 
example 1 of a core layer, The electrodeposition fluid for core layers was used as the electrolysis 
solution, the ITO film was used as a work electrode to the saturated calomel electrode, and 
when bias voltage which carries out a seal of approval to a work electrode was set to 3V and 
impressed for 90 seconds, a core layer 30 micrometers in thickness and 30 micrometers in 
width was formed only the field on ITO (refer to drawing 4 (B)). By picking out a substrate from 
a cistern and performing dip washing for 10 minutes in pure water, in the film, the salinity which 
remains slightly was removed, and it ranked second, and dried by the clean air. 

(3) A polyethylene film with a transfer thickness of 0.2 mm of a core layer is put on the core 
layer surface, These are heated in roller surface temperature of 120 **. The core layer which 
performed heat pressing processing with the linear velocity of 20 mm/sec, made between the 
rolls of two of the line pressurization state of 300 g/cm exfoliate between stratum disjunctum 
and a core layer after that, and produced it was made to transfer on a polyethylene film (refer 
to drawing 4 (C)). It is made to stick on the core layer which had the polyethylene film with a 
thickness of 0.2 mm prepared further separately transferred, This is heated in roller surface 
temperature of 170 **. Heat pressing processing was performed for between the rolls of two of 
the line pressurization state of 300 g/cm with the linear velocity of 20 mm/sec, and the 
polyethylene film of two sheets completed the optical waveguide which serves both as the 
lower part and an upper clad layer (refer to drawing 4 (D)). When the 50-mm straight-line 
portion of the obtained optical waveguide was started and insertion loss was measured, it 
turned out on the wavelength of 0.85 micrometer that it is transmission loss of about 4 dB. 
[0073] 

[Effect of the lnvention]The forming method method of the optical waveguide of this invention 
can form the optical waveguide which has a detailed pattern with sufficient accuracy, without 
impressing high tension, since an electrodeposition process and a photoelectrical arrival 
method are used (less than 5V). Although thickness needed to be controlled with sufficient 
accuracy to the substrate, and needed to be applied to it and there were problems, such as 
taking out alkali waste by etching, in the method of producing an optical waveguide using the 
conventional photopolymer, According to this invention, by adjusting optical irradiation time or 
voltage applying time, the thickness of a core layer and a cladding layer can control easily, and 
the etching process for pattern formation is also unnecessary, and the load to environment is 
also small. Thus, since production of the optical waveguide of this invention by the 
electrodeposition process or a photoelectrical arrival method is a simple method, it can fertilize 
and can apply in favor of manufacture of the optical waveguide type parts as which mass 
production nature is required. In addition, it is possible to apply to various optical waveguides 
used in general optics, the microoptics field, and the field of optical communications or optical 
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information processing, an optical integrated circuit, or an optical wiring board. 
[Translation done.] 
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9B8tiE4>j>a < <fc 6jfe*^#iSe^«S?fttC^ttr 4 

JKWT& C tie £ 9 jmflW04^ft$tt£4tlW5ft 

t*M *#f u»*T 4is . fcj: cnveott til IW ♦»* 

**S»«Sfi±KHS*f4ie4S<f, AWttWRA 

[Ig*3g3 ] v KBffiSSflSteffiC*, * KB 
tBAltftiB. IMSUfc»9? FBtBU3lt4C£& 

<*t*4c<ta<. KBrnvteni', 3 7s*> 

[ B#Jg 5 ] * 5 ^ KB«BflJMC*H >TT , jtflMtr 4 
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C2) 4ffl2 0 0S-33 353 8 

2 

(fcWBTff 4B».»a**f4 £ Stf . HylBjfe 
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ifrfcL (03 <B> fet*U (E) MR) , SU**. StS 
3 0 1±* * 3 * KB 2 0 ©±KB*rC*gtt, ftftiJDE 
^JI£?£ 0 MBBiTB*** KHORI-CM 

«l/T*»»Bif* (@3(F) MS) o 

[ 6 0 2 7]* fc, J: ffM Ofc * 5 ? KB* 

*m$tUX*?? KSCC*te*^4a>«:«^*Ci 
JMWUX 1 **. @4 (A) ftl't/ { D > cc. flKff&scj: 
9=i7B*»«U cn*«? KBit/C^IB** 
SmiCm&* *S»*inT. 04 {A)*, lOttfttft 
J±S«, 1 2 i*^ 4? 13&»B 

wmittl20±(C37l|l8«Vao {04 (B> 
MR). KBit/X4atfr*aSfi3 2£Sfcn 

fc3 7BQ±K£ft, ADflM|BE«!a«tfftl'. 
MBBia7B©BtttlBT* (04 (C> *fl>. * 

[ 0 0 2 8] R IgftSf J: VWU&tzlM'X . #11 

*»«»9«:ifl»S't*&Ci*J*t* # MltBti. 
M5S^3 0dYne/cwtlTT:\ fr<7«*B&fcB**4 

■J^sHJUiftBT 1 **. 3&fc*U^>B£i<*>* 

ttnnttBttftiQiWKitffBt 1 *^. 
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[0 02 9] Sfc, BE«B*&*)J:CMI*Bfl:fel< 
r. KB4aJ:»a7B©Ja*r$©iBatt. MSB 

«fi£Ht4it/r»**B«*0<>©«:ffit'*ilh. B*r* 

ton i> c i % iic J: o ttft * c i#r s £. cntc 

> C l«B&4BH!0BBfC *J I *X WW 4. 
[ 0 0 3 0 ] UT, ±E©tf«Sft**tfSSS-C«l 

io 6&Mtt«E c i L, »W4#0ST* * BB« 

-jt^tt, VltriflVBnMA^BC'B * ©B»« 
$iJSHrtt4^@gi«* cc $8* <*i± x i> . B»«©h: 4ac - r 
iHBBBttismecK 9 a* trc , kb* $ n 

4Citcv^> 0 

[ 0 0 3 1 ] p H^SffcT t tc^ D AtttttteeMf 
**#*s/jHt*7 ^ -/Bftiroj: i«c, ?SOp H*HSfe 

i-. KialWti^rt/4>^^>fiSa>fipa^ 
[ 0 0 3 2] r> H^MKffcTAC i cc^; o*tt»(»tt:«f 

ri»*Ci, *AdlH8«tt*WOri»*Ci*B»'C* 

A, 

[ 0 0 3 3] * fc, p H«*(ktc J: 0 *tt*#«C*W A 

Simttc-t^^^T-rAaffi^ifcitifc^cc, 

»-f4>Ki«a*Si«6*»«:^bt:^*Ci^fif* L< , 
B*5it/r. *^iK+»IS (7-5f>tiS) . 

40 p H#r** utt«isictot»ri«^#+i'^ 

[ 0 0 3 4] BB)fe»TttH(C«i VftlM(ll0E)9tE(C J: 
♦J . B£0> J: 5 4 P H 4>£{ ktc J: -? X ^ * >ft?(S L XI > 
h^»A*>^t^9t^Ctt^iL^X, 

so r. ^sTXfcScWftKifc Fa+^^f^CW 
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*4. 

[0035] &*S£fR*5&W?*a£tt4®SM(g 

hk *4 u i sm& 
oecto 3 o k*bg> bet*. hfc]ga*g&» o 

-S < . ««I*WBSSW8? 4 0. *fc 
B*SB#B*££tt*SoMSftfl>8 0*6 J: 9*#l*B 
£t* . *3ft?ft*^(Da$(*©»JI?ttdi^+» i ft 4 fc 
«>. «*ft*fl tttttMtBfr^OfcQ. 

&#b* L/C-. ts*a<t»*»<03tga^»r «>»*sa 

I*. *«W*U<l*5 5H*&7 0J«MiBt»4 # C 
<DS5BG>b<Z>i*. tttcMU0Kffi4Mt#tt< . Sg«<Wft 
tti**uri»4. Sfc. *£«ftB&G>til'BMtt 

■cBBHwr* 4 0 

[ 0 0 3 6] NBift»?ttH£ l*rtt. fc iitttT. B* 

BMrr&aatt^-*-. babc **dtt* ✓ 
^^^fcww^n^ b*s* 

B. ^^JWtKDtt'XfA, 7*'JA75K, 
>B. 7-^^18. 

B. at*j:tfcft6©BW*3»«i»6n4J». cns> 

B. 7 * y JtBtt p HSfcfc J: 4BBSW* *< . we 
fttt*tt* Sfc, Bfttttstrastt*: 

✓ 7*fr>, 2?l<->, a--rfH^fu 

>. a-x?*x?u>. >*#U*B<>r?Jl'. 
»J*B*V*.'U. 7*yDiMM % Kttt-Jk 7*0 

ccRtf$tt4b© , ctttfo. 4?ic % **u>, <*->•*■ 

uc &BAB38* ^-iurr^'J jub« fc«* * 
o - > a ? u > *ji<, > 4#s*f*#»* u<m^h 

4l4. 

[0 03 7] ^^QjKVttBSMttFttccb^-CNns 

£®MtnafcB«£ft4b4>TW2i*. 
[ o 0 3 8] *ftflwtwaae.«*ftcctoi*-ctt. r 

«E*ff ^ C J: 0 , ftVBHOBiMlt&tBSS'tt 



(10 «B2002-333538 
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(mearajaJceHBato??? KB) icfcor, 
UMWcj *BftBffft£ftKftWBB£ (*) 

^g^tc j: o imu, * b© t *©* c a&m&t bxm 

Atsfcaj *fi*r*. fc«u BBinih»ttffi&ft 
a^stf^cjwe^snfca^^ eta*** w»ot, 
B*t*. c©**»*^^»iLE8*afca*sii*r 
4. B?tt«:j:9*Bfw»BBicB«t™* 

[0039] ( ft > 9 ui».tti/fcft«ja» 

f 4 IgWbn^^, 4 C <t tc J: 0 7t«?S 

[ o o 4 o ] numassoi, m^mmat^xmm 

C9BMfl«ABAU±K:AHl , r« C <t^St« ut*. HEB 
30 1 4. 3 6 4-3 69P, ?S»**««6. <*k) 

«j *jw-cffli*&*»^*m«>aBBJft 

BSt». Bt3 5 0 - 2 0 0 1X)«B«:«« b©"C*0 , 
»* l/< 1^8 0^1 5 0*C. 1*1 10- 

l3 0WBBtt:ab*b©3W8au». *fc % MBfiffl 
©B. *W«B«:»urlDE*?f*4. UtWrntli< 
f 4. «fcKthBBB<rfi< , r«C4#KalB < C*«. 

[0 0 4 1 ] i^c *#M8«:*$^rBi»**»^tt«K: 
It. JBBttB*BAr4C4tcj:0BttplB«cBi»tt 

[ 0 0 4 2] 0*Cl*x#*t>B, yp^W 

V f 7 * - h S ( A V i'7 1- Y m %\t U 1 4 

tf) . S/>D*-#*-Ht, ^ 2 >B9^B(f %n 

4, Ltd*-**, mittsfi+tmtbx* ittkaem 

teS^Wf 4^^Ji^^-?-, «*S*W?4Bdtt* 

✓ B*StWf 4*^^-*^M$Si*n:b«W 
«FBecB^6tl4. B?iS.*te«±S«:^r4m^l4^/-7 

so -iurit, ittKXtwuvh rzvi*- 
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[0043] IIB*^ttlM>XdtCa* 6 , 0 0 0 *» 
fe2 5. 0 0 OQbMfi&VtttSB&Z&h&a+tttt 
LtLi. J:9«f*0<«. &ddt^9. 0 0 0*62 
0, OOO0ttH-C*6. a£tt*6. OOOtfcOftt* 
±¥5*8*? S£rt*2 5. 00 0 £0*1* 

[ 0 04 4] IIS*^*^**^**^*** 
<D7-*>ttS*Wl/ri»*li*, C©Hs&TMM©B 
Oft. 6 0 »>fe 3 0 0 «»Bic ^fcSBWb* 
f!6n^ tffc9 0*fel 95«>JiB*J:flW*U-. 

+»<l ft o , c««coia»»iAft«ra£a« a c 

i«J ft < & ofc fl t BfMiH -j*: DtUMfeV^ Ofc 
[ o o 4 s 3 *fcni»*»-?*tttM:. -en^swui:^ 

p HUOSEfKltl/r, »Ri*S***<r»«» 
H RHtMbP 2 Wrt "C* * i , titttt p H £f Ut 4f l< r 

t>mmcmm&<otir&&»]&ttt*y s femur ««* 

£ > 09tMWvCt*« # *t/rC<PC<LtCJ:0. Bl<B 
i<ag£ i iSSC »KMfc* WT «**tfiBdi» fen* , 1512 

pHiBmg#2j:»j*#i>iBdi*. +&ft9B»a* 

l/i4Mt<:flft«:tt v aBpH«BBtt#l(2El*rC* 
a. 

[ o 0 4 6]$ fete, mime t **fmm#tutu 
tcK&wmmmt* pHtfcgtfte*ti/rttiK£i>« 
W*fbM£Mfc£tt6C£0tt(c. 3 fete, h&jbi, 
ttl< i><U'M§ti£WUC<,>ac t*K* L/C*. 
ttttl>to»&fcX7yi'Mm£l»feft6<>4>-C. fe£ 
iL«7^*>tt«»»*tt*to«d. pH*<KTr&C 
± (c * »J fiSWC KtU^iSC a#, p H &±m uxtl tc 
ttBHHITWH *WIWi«ac6T. fcrffiW 
B#-*BfflS» $n^Ci ftSttfef a e tAr 
V vx4m«r*8ftl*<»0<*. P WfiMTtinckmsX 
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[ 0 0 4 7] ±»2©c:4*4*tt<:Wr 

■. 0?&9£B&. HBTftCifccfcOSfeh*. * 
JW©BB»u:a*n«B»*tHWE. 
«rBtttoftl-B9CC*l*r. ±tt*"<fcJ:*ttHW*ff 

s«ta**b*4ct^-c<r 4 2aatLho>ri*>tt 

^©fi^ft©* ^ ftBSti»-M>R&«l *>a v>t*7 

a^oDK^tt^wfen*. 
io [ o 0 4 8] x(c«BatoB««K:oc»'CB"i!r a. « 
s^i*saxt*- Ki*i**nK, sgsccra,iurfc 
« . < ftnutt a s <sr-tEB*H ^ tt^r aei 

bbobjmw < ft o »2Qiu5/cnfCfi&*Q'r a . St -7 r . 

* > =&*p>t r^aci -cm a e-K£3>ho- >ur 
a. a» % «s?Ati, if***fti*'c«s 
££S#ao B»ifc*T\ -fmtcfetift&jrMmtu 

->BU-f (Et.NC !OJ ^©^►^r**JU7 

>*i-5A»*fflc*fena. *#6wcicnfe©xt#a 
^gsr-^a, btpu* 7^'j^Ei^ MBh^>s> 

s»^fc»fitcfijarjt*aB*»rtra*B^K:«. cn 

tC{*NH,C I ^>NH«N0,^©7>*-^Aa^ E 
t.NClOi. rt-Bu.NCIO,. E t ,NBF (I E 
t.NBr. n-Bu,NBr^-7 t h^7^+^7>^ 

30 s-*tA*mii**ctim*ui.** c©j:9ftfbd*tt 

BBifyCff&ls'Cfe, h 9>S>A*1ttt(CH|;B«SB 

[ 0 0 4 9 ] $ tCs 9m»<0 P H tS8ft^fe»B©^ 
JWcKBf «• fHiL», »B»«»«:ttSftt»«>« 

jEHftftJttfflr a j: ^ ft&f**c^#«:t7 k 
\m%muic<i,> 9 tc**, *Bfpa3*ojsa©pH 

T*©Rj«*fTS4, BB*W.*Stlt:«>, JIHBW*^ 
»%BBccB*IW»on»«. SfcVC, «i^fig*l&ffl 
f a J: 5 UffitMD p H t«BflMBAt« tt 0 » ^ 1/ 
40 C<i*>fe, BflcopHttTB^rJlifVtrBl'rBBB 

<rBK* a^g^a 0 

[ 0 0 5 0 ] Ulcctti'TMUfcmttttH^HE. ■ 
Wl. 4 5-1. 8<E«Bt*q. KHBttB-CiWC 

*>o. *«aB^«i-fenaafto. 8-1. 6mn^ 

a # S fc«VB£ (/T4cCCBBUfcKBr<»4IMB«B 

>»51«&K«- cs a 0 5 fete 5 vtlT^fiSttrSS 
T*afc«>, owiv^- 
so ^tJBflw ac<h^r^c^a 0 
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[0051] tctiiz. &v&m&&fH-&m^x*7 

ML*vv KB *7mtPv?mo> 

KH«fB«ftti/-c, Bcaet&BSttft* 

^Xl*Btt?£^3tffcb4>*B<r»6. 0 

I*. KJS««S«tl,T. BEBSttSsSH- 

Ccm*T, BBB«tt££?J:*)flifr*^l4Rtt?* 

*»*tft**2BJB^, **l-ttcn«!8 6(CB*r«a 

[0 05 2] %£. «*&(dJDA«. B4>fltt*B&4> 20 

BA«>b. 0- 2-*-150nm*«Kl/< 1 2-20 n 
m#«fc0*f*U\, BSfc¥*rtM#, 0- 2nm* 

feMMW&ftJ&l-C , 1 5 0 n in (Tftfcfc 

affl'CffiST *S^"C*>* 1 . 5 n m<0 1 / 1 0 > * 

****** 4. 3rBB«BttKM4lfcfltt*4}flkft 

[ 0 0 5 3 ] UWC, *ft!SK:*5W&**«(*:SS8«:^^ 
WMrMtttM-cdi. Sf*^ccii. pis* 

L/TCaN, 4f-M**>K. c-BN, SK, Zn5e. Ti 
0,. Zn0&£#*>4. *X'bmi?$^\mWfimrv$X 
Tl£l>fi>tH><OX\ »*U<B^&ft4. BfiKBffc* 40 

*E>tt4 0 feKl/. Sfi^ffl^teOiS^feO, fc£ili*, 
79**9*1 <)IJU<D®£^ TFT*BWfcBWC 
SfeTj^«B*Eflr?4«$CC(£ ZfJA*y 97 4 

t,*K<fc**v*?&«i?*4^ 500A-c&ttdtf4<& so 
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B#*4fc«>2 0 0 lCfiS«5«»ttU^«>fcftV»^^ 
*»»7*JlABB*«o4»£*. 25 0-CU±tcjQ 
»^«CA^-C«ttt*TFTt«»te«fi±tCBMk^* 
>B*tt»*4C4l*BB-C*4. U**-? X. ?vZ 

X. -C* ftl*2 0 0*ttTt?l»f*C t^tt-C* 

T«4A'<?*iJ>jr& a #hCRF^^*^>S«3» 

< > 2 0 0 imrttC*]MY6OTff* tr 

[ 0 0 5 4] TFT tartfeStSifflc^m^ct*, A 
* ij >y*«*t-x k JrtW**ffl<r»feO, *>4i*ti 
XttNBf t * * > r*$^£ 8 tffcBBBflWIcMWP 
» <TOTOtifc>*>0*«i (tfe> SHWflLT 

(7 *hUt>Xh*JRl'£ij7l» . EST 

rstt©*t ■ 7 * * - mow k * * > BB*B«* > 4 

Ki* R F A *J!H * O < . 

£&BA#«*ft4o 0. 0 5 

4. 0. 0 5^a*»W»il^«*^»tia:Dt»* 

<. 3fim<:a^«£it(c»$7»^t'««r£ i 
wiit3W<40 j w , (r»OT l weea^atB-c* 
4. sa:, jfc^^wJg^ffiffc^^^^efkffisaoc'*!^ 

C t(C J: 0 BB(C«^|»BB<;Bi4ftllfi«ffB i r« 

[ 0 0 5 5 ] »(C, *»B^cc*«?ftM8B6»Bte-9i*r 
HBT«. *«9KMMBtt(C«s^-c. **«i*««ic 

6n4^ tMK&Bqtti^i^^X, 7^h?Aj? 

i * . ftmmmc * o xmHusjAr **»bbbb« 

UBft*U>X7 2 t, SZa>lfe«^l->X7 3*W 
r 4 ISOMER* . B-fl>«»** u > X4 B - ©IS«* 

UB©fc«e>«>*l8 9 0 . ^f5]«fe 9 ! . aS*1]^7 P > ^U^S 

vet* *)7 7 is>Amm9 2&mkxi>z>o gr 

r. BSXflWA^K, nB»cc«B%BffB8fi 

4f*«:«^«C4icj:*J. ft*«#BB^M^->R* 
Bl-B*BMT?3K»aBfl>il? 
BBCA±S««C4i»-C(r« 
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[ o o 5 6]* fc, mmmjt^Tkcomit^yxt 
two *i*©jj»^6* , c»* i/ < . as«*^*©«= 

SW«± 1 0 -± I 0 0 m m0>BH?*&C tlfitULt 

[ 0 05 7] Sfc, 7 * h -?A * t «4^KHHI«jfitf 
UC<r>**££. BW»C&*tt»JI»*<>*5HR8tt 
*3R £ &B £ttB*M * fc&S* W * *<&5t£tt 

6c jknm &uriifc£;Li*, Hg-X 10 

fPSgStWK:** h *0>&< lC®5S.?i>C £IC J: 
0BB&>«*->*8*pJB±tt*. JHMft 
Rff H»^©*^^»****< < Sll' C £0fB* 

£T*iI£CCiS. mtfisB&G. 2ann«TfCOT£ 

n*. 0. ZmmlUTonMtiBS&UTIi?**?? 

[0 05 6] R*B#ra^ft«rat i «>^**>v 
1 *a l^- if- &#ttBtc £ r t> 

#S«t*iW6?*&. 12 7 at, u -ifftfc J: •) isiFHms 
E7 8, «Stt£«lttl;ft:«*tt8 0. 

*• %&mmtiM>X> B*li, jtc;«SjaffHS(E*fe 
UatBUfiOMBtttfm^&X 1 ^. #«W*«B«IW> 
^T'feJr^o ft^^WWBB^fellftTAWdiCtt, I? 

[0 05 9] <*6ic, B8<* % «Btt(cJ:0diHMtl* 

ttbfcS»98 0, *r^'3A^^ hfl>£± SWEEP 
JW©WM>*«9 0, *tfSJ«S9 1. BfD*P>*Stt 
(OC'i* "J 7 7 U>A^S9 2«rii^*Cl^o C<m 
It. «fflia>B*S«iCttl,£Bic»7, *?7p«* 

awfActts^ri**. fwaa5<ct'<./B8«:*H' so 
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f. BEBWB*mttBB(CBItl/ri^«s. *S 
[ 0 0 6 0 ] 

MUM] (STicmiffltSbTkiHitS 

^tepy 1 

CCOWCtt, HI (D) «C3WJ:^4Ba*W1" -5** 

mm**?, niters-' 3 ? h * y r- 

a) ararawfltoBB 

it** i o o *<£ . a * u> - r * « *K#a£f* (9^ 

ms^oo^^S/Cffi^S+^S^^.'UtkD^ixKffiis 

0) CUT, r«Bttjfc»*ttttAJ LVtth. J 5tf 

1 8 0 mm ol/l <DH£'Ci>>* ^ ✓ J-* 
<*«JfcT', BjS 1 1 0 mb**P»«E ! 0 0 m H p 
eiTOtttt) till*,, WX?Y yji?>VT>*:-*JUH 

7. 8, WB*l2mS/cmcctt«<fc J >ccaKU C 

n*3T*lWIIB«t4l/&. 

(?) ^5"^ PVOBBBBCEMI 

BBcDtBBcc, tt* 1 0 0 gKRB«8ttjfcft?tt 

t4A&ff<r9BBdOS6«:i 8 0mmo 

^8»i/, Cftt>79 KSJttBBBtttUft:. 
(3) %Mffi&rttmVLWi& 

o . 5 mwrnr mi v m ass < 7 0 5 9 

A> (CHOCOMWIBtrA^f 9 ?U > y&*cuomHB 
I/. £ fcK200nmE>TiC% * R F * * U > j^lrHB 

@ 8 -CSf J: ^ a«SSf»rHIWW HfeSi7)i2gtC 
l-r. »9?PIMn«M<:«BBtUBnAaji 

flDt/tetc«. Tia^®±scc^i 0iUTi(OTS[i^7 
? PflsftWASftA:. «K>7 3 PB*Wl*4Ctft 
<. fWjStar^jaBBBjftccAhBA'C, S6tc^x 

bit * m ^ r ^ 1 . 8 v «: ufc«3Sr«R±«w> 

L -C*t1««: 1 5 ttHBti? 4 1 . Tia ^ 
B©jfi^WJH3nA:BWd(7K:W>5*im, «B5fim«> 
3rW.83WCo WC*5* FBfcJ:CXa7B*fc 
BT4Ct«r<. BBiftf:^?? FBBBBVBCCAtl 
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x. immmcemt *>>u?x sn* 4 v 4 u x 

3 5 ftffitQlMLtct C 4. Tia^B^Stc^ l 0 u m 
©±&*7? FRMMUftfc. «B*iWft^%K»JtB 

& . ¥'<i'> ?v-t>C£ -?*C 5 0 in in® ft 5 £ 
toOffiL/»AS*&»*Ufc±C*. 8*0. 8 5iiin 

[0 06 l]«tM2 10 
£ttffl 1 rftMl/tejfcilSftiat 1 4 O'Cf'3 9NIUiM& 

4C4, 2dBS&4>»ifcKtt*£n*C&09* 

-7 to. c nii* wsfiattrt « t>r*^c m -* -c 1 *fc e > * 
s ixtc c 4 cc «fc 4 i>o> 4 Hb& s n*, 

[0 06 2] «HM3 

c©Wctt, 02 (E> t»J:»in«jW«l<: 

trnuc. mw\\ 4 hi; * r&iami**v 
ttc en pit &-r < -/ r a^e £ 1 . 8 v«c 1, rtSE®M 

Sswcrf ) 0 7* D s> * 5? ^ s > 5SS£fiSli*. Tft * 
/r b 'CS&©«® T 'ft 4Kt fc * > >*BCttW -5 J:^ 

ccsas i/ re. c cdob-c 1 0 *wa»E t, fc 4 c 4 . to 

*ifi(Cj^ffi«5nfctW«W»& 1 0 11 in, til £ 0 u 30 
m©T**3>* KJWW«**ifc (02 <B> . 

« 1 . 8VKLX&U<0&mtot*m&*: 1 5#Nffitf 
r 4 4 , TO Office JbMRM $ ftfcB«« »»» 5 ii 
in. *15iim©:3 7ISaHBG£3ftfc (B2 <C> # 

[ 0 0 6 4] Xtt > 5 v KM J: O's 7/S&?2>ST4 C 
4& < , S9tf * FBflOT«KS*tCAnfi*r , 40 
7* h^**£fliia*?? KRfOT© if 
JQ«fitC6|lprr4M473«E* I. SVtCUXWRO 
M# £ ! 5 tMMBMT 44 . TO *Bfc** 

Stifc (I32 (D) $BB) . %(c»9?KMJ:tf37 
Js£§ft*?4C 4ft < % *8§>ft*: 9 FSJttnVKK 

fWC MMfiK£nerr4M-f7*«E*i. 8Vk 
UTlflK4>M*&ft»M«3 5f*B!iJ»?44. TO 
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